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can find out lots more about chemistry on the internet. Vou can find out about 
ever7 single element, do experiments in an online lab, and build your very own molecules. 
For links to these websites, and many more, go to www.usborne.com/quicklinks 
and type in the keywords ^ what is chemistry^ 



When using the internet, please follow the Internet safety guidelines shown 
on the Usborne Quicklinks website. Recommended websites are reviewed and 
updated, but Usborne Publishing Ltd Is not responsible and does not accept 
liability for the content or availability of any website other than Its own. 
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Chemists don’t always wear 

i white coats. But if they’re 
working with messy substances, 
they wear clothes that they 
i don’t mind getting dirty. And 
if they’re using dangerous 
substances, they wear gloves 
and goggles for protection. 




Whal’s dheMislry a]] afcoul? 

Chemiitry ia all about different typea of atuff - or 
aubatancea, to uae a acientific word. It’a about what 
aubatancea are, what they can do, what'a inaide them 
and how they can change. Chemiata atudy all kinda of 
aubatancea - from everyday thinga, like mud and amoke, to 
rare, deadly onea like atrong acida and exploaive powdera. 

Chemiata are conatantly aaking queationa and doing 
experimenta to find the anawera. The anawera may reveal 
what aomething ia made of, or ahow what it can do. Here 
are aome of the queationa chemiata aak... 



Whaf eXa.cJlly IS 

How do you really know what anything 
ia? A bottle of liquid labelled 'water 
might not really contain wa 
To find out what a myatery 
aubatance ia, a chemiat aaka 
more queationa. 




does il PO? 




Different aubatancea do different thinga. For example, 
pure water boila at 100°C. Chemiata call thia one of the 
propertiea of water Other propertiea include toughneaa, 
and how eaaily it mixea with other aubatancea. 




introduction 



Is just ojie thing? 

Some substances are made of just one 
thing, but others are a mixture of 
various different things. A chemist 
might need to break something down 
into its different parts before working 
out what each part is made of 




dan I dha.nge it into something else? 



Many substances can be used to create other substances. 
Sometimes they will change if you heat them up. but 
mostly they change when they are mixed with other 
substances. This change is called a reaction. 





Fincfing 2^11 the answers 

Chemists know a lot about substances, but they don’t 
know everything. Ever since people began doing 
experiments, they’ve discovered more and more new 
substances, and more ways to use them. 

Turn the page to find some of the interesting and useful 
inventions that chemists have been responsible for 



Things cheMisls 
don’t hnow... yel. 




What about ail those substances 
on alien planets? Are they like 
the ones on Earth, or are they 
completely different? 
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INTRODUCTION 

How iiSiVe cj]ielni;sl;S dh’^h^ed Ihe WorH? 



Chemisti are alway5 experimenting with 5ub5tance5. mixing them together 
heating them up. and testing them to see what they can do. And sometimes this 
results in remarkable inventions. Here are just a few of the amazingly useful 
things that chemists have given to the world. 




Volta’s first 
experiment 
gave him a 



Baller'ie^ 

A battery provides electricity. Inside, 
pieces of two different metals are 
placed apart in a liquid or paste. 

The metals react with the liquid, 
making an electric charge flow. 

Some of the earliest experiments with 
batteries were performed by Italian 
Alessandro Volta In 1 79 1 . 



Matches are tipped with a mixture of 
substances that will catch fire when struck 
against a rough surface. 

Early matches caught fire too easily. 
The first ‘safety matches’ were 
a Invented in 1 827 by Englishman 
«T| John Walker. 



Salt water 



pelro] engine 

Engines are machines that make things 
move - such as cars. But they need power 
to operate. In 1 870, Austrian scientist 
Siegfried Marcus hit upon the idea of using 
petrol as a fuel to make an engine run - 
an early version of a motor vehicle. 



The doloMVful $\oVy of m^iMVe 

One day In 1 856, chemist William Perkin was cleaning 
up after a messy experiment, when something strange 
happened... 



Perkin called his new colour ‘mauve’. At the time, there 
was no cheap way to manufacture purple dye. 



^er\oyA^ vY\0v\^\^ 



OoDoU If 









IHTRODudTIow 






while paihl 

Paint contains coloured substances called 
pigments. The pigment titanium dioxide is 
bright white, and is used in house paints. 

Titanium dioxide occurs naturally, 
and has been used to 
manufacture paint 
since the 1 920s. 



Antifreeze 

A chemical called ethylene glycol Is the main 
Ingredient in liquid antifreeze. It forms a 
layer of liquid on a car windscreen and won^t 
freeze even when it’s very cold. 



Heal p’didhs 



Noh slidh 

In 1 938, American Roy Plunkett was tiding to 
make a refrigerator chemical, but Instead his 
experiments produced a useful new plastic. His 
team called it Teflon®. 



Inhalers 



Since the 1 960s, many 
people with asthma have 
used inhalers to help them 
during an attack. Inhalers contain 
the substance salbutamol, which 
relaxes the breathing muscles and 
stops the attack. 



When they get 
hot, most things 
become sticky 
- but Teflon® 
doesn’t. It Is used 
to coat cooking 
pans. 





A liquid called sodium acetate is very useful to mountain climbers. 

They carr 7 small packs filled with it on their hikes. When they 

want to warm up, they press a button on the pack 
which releases solid sodium acetate into 
the liquid. This makes the liquid turn 
into crystals, and gives out heat. 



Pigila] cJalnera^ 

When you take a photo, light entering a digital camera 
causes a chemical reaction in a light-sensitive substance. 
This reaction produces an electric charge. 



Light-sensitive 

substance 



The camera changes this charge into a code and uses 
a series of codes to store or display the photo. 




pari l: 

Ihe v/oYld 

macfe of? 




The Universe is full of a wide range of different 
substances - from hard, shiny metals and beautiful, crystal 
diamonds, to soft, bendy plastics and black, crumbly coal. 
But, deep, deep down, everything is made of the same 
thing - mindbogglingly tiny specks called atoms. 

Read on to find out more... 
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wHATS TH^: WORLD MADE OR? 



Meel yoMV 
aloM... 




Chemists often draw atoms as 
simple circles. This circle with an 
‘H’ in It represents a single atom 
of an element called hydrogen. 




Cl\erv\\^U Mfe ^yjmiools for 
ecicl\ differet^f kii^d of 
so car\ u^rife ft\erv> 
dovA/Kt Yout c^r\ 

see ^ llsf ofil^e^Yi ^11 or\ 
p«0es 30-31. 



Meel your ;Sedoiicf 
alom... 




An atom of oxygen 



...ahcf your fir;sl 
MolecJule. 




A molecule of oxygen 



WjisiV^ a.Ii aloln? 

You can think of atoma aa incredibly amall building 
blocka. There are 117 kinda of atom. Subatancea can 
be very aimple or quite complicated, depending on 
how many kinda of atom they’re made of The aimpleat 
aubatancea, called elementa. are made of only one kind 
of atom. 



Gold is an element. A bit of gold 
dust scraped from a gold bar Is 
made up of billions of individual 
gold atoms. 







Even huge blocka of gold only contain individual gold 
atoma. Hut atoma in moat other aubatancea atick together 
in groupa of two or more atoma called moleculea. 



Whsil a.t*e moleduleS? 

Moleculea are made when atoma make linka called 
bonda between each other For example, oxygen atoma 
bond in paira to make moleculea of oxygen - which ia 
found naturally in the air 

Atoma dont have to bond with the aame kind of 
atom. A molecule of water ia made of two atoma of 
hydrogen bonded with one atom of oxygen. Although 
water - like every other aubatance - ia made of atoma, 
there’a no auch thing aa an atom of water That’a because 
the amalleat amount of water you can have, that ia atill 
water ia a molecule. Because water containa more than 
one kind of atom, it’a not an element - it’a aomething 
called a compound. 
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WHAT’S THS WORLD MADE OF? 



P’orming cjompo-uncfs 

Compounds can only be created when substances mix 
together and undergo a chemical reaction (you can find 
out more about this on page 34). 

A reaction can make elements bond together and 
form an entirely new chemical substance, which 
behaves differently from the elements that made it. 



Do fea-dlioiiE wheli 

you mix Eulsslsilide^? 

No. Elements and compounds can also mix without 
reacting or bonding together This creates another kind 
of substance known as a mixture. Most things in our 
world are mixtures. For example, air is a mixture of gases, 
and mud is a mixture of soil, stones, leaves and all sorts. 



doMpo-and sheich 

Chemists draw compounds by 
showing the atoms they are 
made of. A water molecule 
can be drawn in two ways: 

Like this 

0 - Oxyg 
H - Hydrogen 



Or this: Bond 




It can also be written 
using symbols like this: H^O. 





Mud Is a mixture of 
different substances. 



d, dlffereinf 
aiTid 

bled Mp, buif they 
btJivein't bonded VA;ifb 

V eacl\ ofber. 

■ — 



Bits of plants 
and animals 




wHATS THS WORLD MAD^ OF? 




Oxygen 



Oxygen is an element. It^s one of the 
gases in the air we breathe. It reacts 
easily with other elements, which means 
it’s also found in many compounds. 



whal? 

All the 5ub5tance3 in the Universe are elements, 
mixtures or compounds. Here are a few examples... 




Carbon dioxide 
molecule 



dartoh dioxide 

Carbon dioxide is a 
compound of carbon 
and oxygen. It’s a gas 
In the air which plants 
use to make food. 



Iron oxide molecule 




Iron ore 

Iron ore is a mixture. It’s 
mostly a compound called 
iron oxide, mixed with some 
other bits. It can be dug out of 
the ground, and then processed 
to extract pure Iron. 






Water molecule 



Waler 

Pure water Is 
a compound of 
oxygen and hydrogen 
- and nothing else. 



Oxygen and 
lots of minerals 



Miih 

Milk is a mixture of lots of compounds. 

It’s mainly water, with a mix 
of fat, sugar and minerals Calcium 

such as calcium, which we minerals 
need for healthy teeth 
and bones. 



Sea waler 

Sea water is a mixture. It’s mainly 
water, but it also has salt and oxygen 
and other bits dissolved in it. Pish 
breathe the dissolved oxygen through 
their gills. 




jU 






55^*1 








wHArS thj: world maps of? 



Other 



teihg;? 

Vour blood is mainly a 
mixture of two compounds 
- an iron-based compound, 
called hemoglobin, and 
water. It also contains 
small amounts of 
oxygen, carbon 
dioxide, nitrogen, 
sodium and 
chlorine. 



Hemoglobin 




toolhpa.sle 



Toothpaste Is a mixture of two 
compounds called sodium fluoride 
(which strengthens your teeth) and 
calcium carbonate (which rubs 
away stains). It also contains 
detergents, sweeteners and 
dyes, to keep your teeth 
clean and shiny and your 
breath fresh. 



Sodium fluoride 
molecule 




vinegs^r 

Vinegar is often used to flavour 
food. Its chemical name is ethanoic 
acid. It’s a compound of carbon, 
hydrogen and oxygen. 





Ace\ohe 



Milfe of 

Milk of magnesia is a mixture of two compounds: 
magnesium hydroxide and water. Magnesium hydroxide 
cancels out stomach acids that can cause indigestion. 





Glue;? 

Most glues are mixtures of some sticky, runny 
compounds (such as cyanoacrylate, which contains 
carbon, hydrogen, oxygen and nitrogen) and smelly 
liquids (such as ethyl acetate which 
contains carbon, hydrogen and 
oxygen) that slowly dry 



Ethyl acetate 
molecule 



Cyanoacrylate 

molecule 



Acetone Is a compound of carbon, hydrogen 
and oxygen. It’s a liquid that can be used to 
remove nail varnish or to weaken glue. 



Acetone 

molecule 



WHAT’S THS WORLD MADE OR? 




Meel MeDdury 



Mercury is the only metal that 
is liquid at room temperature. It 
won^t freeze until -39°C, and it 
doesn’t boil until it reaches an 
incredibly high 357°C. 




Mercury is often used to measure 
temperature. As mercury gets 
hotter, it expands. When it’s 
inside a thermometer with 
markings on the side, you can see 
exactly how much the mercury 
expands, and that tells you what 
the temperature Is. 




At^olule dold 



Chemists think that if you 
could make the temperature 
really low - as low as 
-273.1 5°C - atoms would 
stop moving completely. They 
call this absolute zero. They 
can make things vet 7 riearly, 
but not quite, this cold - so 
we don’t know for sure. 



Gelling in a. ;?lale 

Sub5tance5 can exiat in one of three different atatea; 
aa a aolid. liquid or gaa. Moat aubatancea can be found 
in all of theae atatea - but not at the aame time. Take 
water for example. It’a uaually a liquid, but it can alao 
be a aolid (ice) or a gas (ateam) - it all dependa on 
the temperature. 



Wjiy <ioeS lempeV’SiiuTe maUeP? 

One of the atrangeat thinga that chemiata have 
diacovered ia that nothing ia ever completely atill. Take 
a aolid block of wood. You may not be able to see it 
moving, but in fact the atoma and moleculea it’a made 
of are conatantly fidgeting and moving around. How 
much they move dependa on how much heat there ia. 

When moleculea are cold, they don’t have much 
energy, ao they ait tightly packed and form a aolid. But 
even then they vibrate alightly, in their fixed poaitiona. 

Moleculea that are a bit warmer have more energy 
and move away from each other forming a liquid. 
They can move enough ao the liquid can flow 
Really hot, energetic moleculea can fly far apart 
from each other Thia ia what’a going on in a gaa. 




Ice (solid) 




Water (liquid) 







Steam (gas) 
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wHArS THS WORLD MADZ OR? 




You don’t usually notice air 
molecules knocking into you. 
But sometimes they move more 
quickly than normal. That’s 
what wind is. 



Waller pressure 




Water is heavier than air, so 
under water there’s more 
pressure than on land. 



The deeper you go, the 
stronger it gets. 




Deep sea submarines need 
incredibly thick hulls to cope 
with the pressure of the water 
pushing all around them. 




MoleduleS in Ihe a.ir 

Air i5 made up of atoms and molecules of different 
gases. They’re constantly rushing about, bashing into 
things. This creates something called air pressure. 

You need air pressure to hold yourself together 
Inside your body, blood pumps around and pushes 
outwards, but air pressure pushes back. It’s this balance 
which stops you from bursting out of your skin. 



How does pTeSSuVe 'dt.ffedl slate? 

The amount of pressure on a substance affects how 
free its molecules are to move around. So changing the 
pressure can sometimes cause a change of state, even 
without a change in temperature. 

For example, squeezing a gas into a really tight 
space puts extra pressure on the gas. This can turn 
some gases into liquids, and make them stay that way. 

At very low temperatures nitrogen gas becomes 
a liquid. This liquid can be stored in a pressurized 
container to stop its molecules from spreading out 
and becoming a gas again, even if the container 
is then kept at room temperature. 

When liquid nitrogen is released fi 
the container at room temperature, it 
immediately turns back into a gas. 



The yellow canister contains liquid nitrogen. As it 
is poured out, it turns into a gas. To do this, it 
takes heat from the molecules in the air. In turn, 
this makes water vapour in the air condense into 
water and this appears as a white mist. 
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WHAT’S THE wORLP MAPE OF? 



How do We Iinow sitoul 

Gases always spread out to fill whatever space they’re 
in. This makes them really tricky to catch and study. 
17th-century Irish chemist Robert Boyle was one of the 
first people to manage it. 

First, he invented a perfectly airtight container he 
could fill with air (with help from his physicist friend, 
Robert Hooke). Then, he built a pump that could suck 
the air back out again. By experimenting with this 
pump, Boyle discovered he could make a gas take up 
less space by putting pressure on it - and vice versa. 







c 



> 



At the same pressure 
and temperature, a 
litre of one gas contains 
exactly the same 
number of molecules as 
a litre of any other gas. 



How Boyle made a balloon get bigger - without blowing any extra air into it 




1. Boyle placed a balloon Inside a 
glass bowl attached to his pump. 

To start with, the air 
pressure was the same 
inside and outside 
the balloon, so it 
was limp. 



2. The pump sucked the air 
out of the glass bowl, but 
not out of the balloon. 



Glass bowl 




3. Because there was no 
air inside the bowl, the air 
inside the balloon pushed 
out and made it expand. 



Boyle uaed hia pump for other experimenta, too. 
He proved that animala need air to breathe, 
and that candlea need air to atay alight. But he 
never found out what air ia made of 
It’a actually a mixture of different gases, 
but moat of them werent diacovered until 
the 20th century. Separating them out was 
juat too difficult. 



whaVs in air? 




% Oxygen 



-1% Other 
gases 



78% Nitrogen 
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WHAT’S TH^ WORLD MAD^ Op? 



Sa.ll fails 




FlaMih| sail 



1 . Light a candle. 

2. Put a few grains 
of salt onto a spoon. 

3. Pour the salt 
onto the candle 
and watch... 





...you should see 
tiny orange sparks 
appear. This is 
because sodium, 
one of the elements 
In salt, makes an 
orange flame. 



fellow your propertied 

Two hundred yeari ago, acientista didn’t know about 
different kinda of atoma, or even that atoma exiated 
at all. Eut early chemiata atill knew an awful lot about 
how aubatancea work, and what they can do. Thia ia 
because they atudied what are known aa the phyaical 
and chemical propertiea of a auabtance. 



Wjisil e physida.] propef lies? 

Phyaical propertiea moatly deacribe what a aubatance ia 
like on ita own. The moat baaic example ia what it looka 
like. Many phyaical propertiea are eaay to find out, 
auch aa what colour a aubatance ia, what it amelia like, 
or what atate it'a in at room temperature. 

Other phyaical propertiea can be found uaing 
aimple teata. For example, you can heat a liquid to find 
ita boiling point (the temperature at which it boila and 
changea atate to become a gaa). Or if it’a a aolid, you can 
hit it, to see if it breaka into piecea or bucklea, or if it’a 
too atrong even to dent. 



W]i3il a.t*e dhemicJa.] pfopeflieS? 

Chemical propertiea moatly deacribe what a aubatance 
can do, auch aa what happena when you heat it up, or 
mix it with other aubatancea. For example, aome thinga 
turn a different colour aa they burn, or diaaolve when 
mixed with water or explode when mixed with acid. 

The only way to teat a chemical property ia to 
make a chemical reaction happen. Creating a reaction ia 
a bit like cooking - chemiata do it by mixing together 
different aubatancea, and often heating them up aa well. 
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WHAT’S TH^: WOKLD MAD^ OF? 



Dissolving Ihin^s 

If you 5tir sugar into warm water the sugar disappears. 
Chemists cal] this dissolving. The sugar and water 
molecules have mixed together You might think 
they’ve bonded to make a compound, but they haven’t. 
They’ve become a liquid mixture called a solution. The 
ability to do this is a property of both sugar anof water 

Another property of water is that the hotter it 
gets, the easier it becomes to dissolve things in it. This 
explains why you sometimes find a sticky layer at 
the bottom of a cup of cold tea. This is sugar that has 
’dropped out’ of solution as the tea cooled. 

pure simple 

When a substance contains only one kind of atom 
or molecule, and is not contaminated by other stuff 
chemists describe it as pure One way to see if a 
sample is pure is by looking at its physical properties. 

For example, one physical property of pure water 
is that it boils at 100°C. If a substance /ooAj like water 
but doesn’t boil at this temperature, then either it’s 
not water or it’s not pure. The substances that make a 
sample impure are often called contaminants and they 
change the boiling point. 

Tap water is never pure, so if you could measure 
the temperature of boiling tap water (you’d need a 
special thermometer from a lab to do this accurately), 
you’d find it boils at just overlOO°C. This is because it 
contains small amounts of chlorine, which has been 
added to kill any harmful bugs. 







The molecules in 
water and sugar 
mix together to 
make a solution. 



Oil doesn^t dissolve in 
water. Even if you stir 
it, it soon floats to 
the top. 





Doh’l forget 
sitout pt'eSSMt'e! 

On top of high mountains, 
there is less air pressure 
than on the ground. This 
means that water can boil 
at a cooler temperature 
than normal. But tea made 
with cold’ boiled water isn’t 
vei7 tasty... 
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WHAT’S THS WORLD MAD^ OF? 




A L 



Spedia] 

e<^-aipMeftl 

Separating mixtures is easy 
with the right equipment. 
Chemists often make their 
own glass tubes and bottles 
to make sure they have 
exactly what they need. 

Separating funnel 
Oil 

Tap 

This separating 
funnel makes It 
easy to see and 
separate two liquids 
by draining one away 
from the other. 




Sorlinj oul 

Chemists can use their knowledge of properties to 
extract pure substances from impure samples. Here are 
some examples: 



How can you separate steel nails from broken glass? 

Use a magnet. The nails will be attracted to the magnet 
and stick to it, but the glass will not. 

How can you separate salt from oil? 

Pour the salty oil into a jug of water The salt will 
dissolve in the water but the oil will not. The oil will 
float on top of the water and can be carefully poured 
off (or removed using a separating funnel, like the one 
on the left). The water can then be boiled away to leave 
behind pure salt. 

How can you separate a mixture of sand and salt? 

Add water to the mixture. This dissolves the salt but 
not the sand. If you pour this through a sheet of filter 
paper the sand will collect on it, and the salt solution 
will flow through. This is called filtration. Finally, the 
water can be boiled off leaving the salt behind. 



WHAT’S TH^ WORLD MAD:S OF? 



How you 5epa.r3^le 2 n sojuiioh? 

Solutions can appear tricky to separate became the 
molecules inside are so mixed up. But a chembt 
ju5t need5 to know the different propertie5 of the 
5ub5tance that5 dia^olved - called the 5olute - and 
the liquid it5 di55olved in, called the solvent. 




rv>lx+Mre of f^Aek o\Uer 

Tkey «l( be 

by fecbioic^^e c<5^((ecl 
^r(Kc\\Ov\o\ dlffidi^fiOlA, toblob 
obeKwlft?' kiaoiA^ledye of 
<;KAM(Wr\CZS boil’u ^0 poiiA+ 5 . 




Sepa.ralioii lecj]ilii<^‘vxe Ho. 1: 

DisUlMioh 



Distillation is a method of purifying solutions by 
using boiling points. Usually, the aim is to boil off 
the solvent, and collect it as a pure liquid. 

Heating a solution makes the solvent boil, 
forming a gas. This leaves behind the solute that 
was mixed into it. Meanwhile, the hot gas can 
flow into a long tube. Cold water is passed 
around the tube. This cools down the gas, 
until it becomes a liquid again. This liquid 
is pure and can now be collected. 



Tl>c in crude 

oil Lave very different boiling 
polm . Mflfuirfll bo»b off 
flr^f 36 “C, fbem pelrol VfC 
ai^d {\vsoW\^ flbouif 5I5"C. 



distillation apparatus. 



po-il-yo-arself dislill^Uon 

This experiment shows how to distill 
pure water from sugar water. 



/\mnm 



£ • \ out: steam is very 

hot and can burn. 



1 . Pour a glass of water into a 2. Heat the sugar water until 

saucepan, and stir in a spoonful of it boils. Wearing an oven glove, 

sugar. It will now taste sugary. catch the steam on a metal tray. 





3. On the tray, the steam condenses 
into drops of water. Taste it - it 
won’t be sugary any more. 



I 

I 
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WHAT’S THE WORLD MAD:E OR? 



i 

who cfeVelopecf il? 




SepB^ralioh ledJinic^-ae No. 2: 

dhr'oinsilogrsipiiy 

Chromatography ii U5ed to separate mixtures of many 
substances. There are two types: paper and gas. 

Paper chromatography tells scientists what all the 
different parts of a mixture are. Eut it doesn’t purify 
them. The mixture to be separated is dissolved in a 
solvent. The solution is then absorbed along the length 
of a piece of paper 

The different solutes spread out along the paper 
Some spread further than others, depending on 
how strongly they stick to the paper (that’s one of 
their properties). This piece of paper is known as a 
chromatogram. Ey studying it, chemists can identify 
the different substances spread across it. 




Crime 

Deiechve^ c(w\ utfe 
ctvrow«fo0r«p(^y fo 
ideiAfify MloklAOVAMA 

(\\ « crirv^e 
poi^oiA^ or 

explosive?. 



Gas chromatography is used to help to identify tiny 
amounts of substances in a mixture. It even works on 
just a few molecules. Chemists turn the test substance 
into a gas and feed it into a machine. A computer 
records how the molecules spread out inside the 
machine and creates a chromatogram. 

Chemists can compare this to chromatograms of 
known substances, in order to identify the molecules. 

A gas chromatography machine uses a liquid or gas 
(instead of paper) to separate the sample. This means 
the separated parts can be collected once 
they’ve been through the machine. So this 
method can be used to purify 
substances as well as to identify them. 



A chromatogram from a computer 
looks like a huge graph. Chemists can 
find out lots of information from it. 



WHAT’S THj: world MADll OF? 






Do-ii-youl'Self dhf oMz^lography 

Most felt-tip pens contain a mixture of dyes to make up their colour. 
Vou can separate the dyes yourself, using paper chromatography. 



1. Cut a strip of coffee filter paper. 
Dab ink from some felt-tip pens onto 
it, just above the bottom. 



2. Wind the top of the paper around 
a pencil, stick it in place, and hang it 
inside a gloss with a little water. 



Filter paper 



3. Leave it for a few minutes. Each 
ink should spread up the paper, 
separating into its different dyes. 



■ Ink spots 



The bottom of the paper should just 
touch the water. The water doesn’t 
need to touch the ink spots. 



A C.lr\rOrY\Mo^rarY\ of 



Separalion iedhhi<ju€ No. y. deJiMfu^ddion 

Centrifugation uses a machine called a 
centrifuge to separate solutions into 
liquids that have different densities. 

Density is the amount of mass, or stuff, 
in a certain volume, or space. Things that 
aren’t very dense will float on top of denser 
things. For example, oil is less dense than 
water, so oil floats on water 

The solution is placed in a set of test tubes and 
clipped to the centrifuge. It spins around really, 
really fast, forcing the denser parts to settle at the 
bottom of each tube. If the solution also contains 
any solid bits, they will sink to the very bottom. 



Blood 
?ciei^ce 

?^porf? official? often w?e 
centnf^^A^on to cl\ect 
blood sample?. It caw 
reveal if an atl\lete ba? 
taken awy illegal drag?. 
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wHArS THE WORLD MAD^ OR? 




Roc^Iiy rea.dlioii5 

Bauxite is a rocky 
mixture of 
compounds that 
miners dig out 
of the ground. 



Sorlihg omI compounds 

Compounda are trickier to separate than mixtures. 

To get at the elements in them doesn’t just mean 
separating one kind of molecule from another - it 
means splitting each molecule into separate atoms. 

Compounds are created by chemical reactions, so 
one way to split them is to trigger another reaction. 
For example, chemists can get copper out of the rocky 
compound copper oxide by heating the rock with 
carbon. The carbon swaps places with the copper 
leaving behind carbon dioxide and pure copper 



In a factory, technicians 
perform a series of 
chemical 
reactions, 
called the Bayer 
process, to 
extract a useful 




WhaVs eletilrolysis 
MSefuJ for? 

Electrolysis can be used to coat 
things in metal. It is commonly used 
to cover Iron objects, such as nails, 
in zinc to stop them from rusting. 
This process is called galvanization. 



ledhhi<^ue TTo.^f: 

J^ledlVoJysis 

Some compounds can be split apart using electricity. 
The compound is either melted or dissolved in a 
solvent to make something called an electrolyte. Then 
an electric current is passed through it, making the 
compound break apart. This is called electrolysis. 




WHAT’S TH^ WORLD MAD^ OF? 



The ^lory so 



What i5 the world made of? Here are some of the ways a chemist might 
answer that question... 





The world is made 

of substances. 



An element is 
made up of one 
type of atom. 



Oxygen atom 

Hydrogen atom 



The smallest parts 
[ of every substance are 
V called atoms. 



Substances can exist 
in three states: soKd, 
liquid or gas. 






A substance 

can change state if the 
temperature and/or 
pressure change. . 



Liquid 






Oxygen 



Different substances 
have different physical and 
chemical properties... 



molecule 



Most atoms join 
together in groups 
called molecules. 



Atoms of different 
elements combine with each 
other to make compounds. 



...these help chemists 
to identify and 
separate them. 



Everythmg youi ca\ri 

compOMt^d 
or Kv^lxtuire. 



Substances have different ^ 

properties because of 1 

their atoms. J 



Water 

molecule 



Most things around 



us are mixtures, made up 
of a jumble of elements 



and compounds. 



Turn the page to find \ 
out how atoms work, and then j 
how atoms fit together to make / 
everything work... 







VaJU'.cU -v>olecMle? come 



loi^A cUm5? 









How do cl\eyv\'\cail^ mai^e 
dlfferet^l coloured 
elecinc 







Pari V. 

Ho-w does i\ 'Sill wofK? 




The big secret behind chemiatry is atomi. The reason 
5ub3tance5 look different and have different properties is 
all to do with the atoms they’re made of And the reason 
that chemical reactions happen between substances is to 
do with the bits inside each of those atoms. 
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HOW DO:ES IT ALL woKk? 



An 



/ V. 




Feeling eledlVojiS 

Step 1. Blow up a balloon and 
rub it on a carpet. 

Step 2. Hold the balloon up to 
your head, and you should find 
that it^ll stick to your hair. 




VIhsVs going on? 



Rubbing the balloon brings lots 
of electrons to the surface. This 
gives it a tiny negative electrical 
charge, which makes the balloon 
stick to your hair. This is called 
‘static electricity’. 



inside a.n alom? 

In the middle of every atom ia a central part called the 
nuclem. It containa unimaginably tiny particlei called 
protona and neutrom, which are all the same size as 
each other Most of the rest of an atom is empty space 
- but at the edge there are even tinier particles called 
electrons, which whizz around the nucleus in layers. 
These layers are called shells. Small atoms only have 
one shell, but larger atoms can have several. 

Protons and electrons both have an electrical 
charge, and it's this charge which holds an atom 
together Protons have a positive charge, while 
electrons have a negative one. (Neutrons have no 
charge.) When the charges are balanced, they cancel 
each other out. Atoms have the same number of 
protons as electrons so, overall, atoms have no charge. 



How lo idehlify a.n alojn 

Scientists can identify each element by looking for one 
simple clue: the number of protons in its atoms. For 
example, an atom with just one proton is a hydrogen 
atom. An atom with six protons is a carbon atom. 



Hydrogen atom 




Electron 



Proton 



Carbon atom 




Electron 



Proton 



Neutron 



Hydrogen atoms are unusual - they 
don’t have any neutrons. All other 
atoms do - usually around the 
same number as they have protons. 



Carbon atoms have six protons 
and six neutrons inside the 
nucleus. They also have six 
electrons In two shells. 
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HOW DO^S IT ALL WORfc? 



B-aiH yo-ar own cjarBon b^Iom 

Chemi 3 t 5 often make modela of atoma to underatand 
how they are put together You can make your own 
aimple modela uaing grapea, peaa, food wrap and 
cocktail aticka. Here’a a model of a carbon atom: 



6 protons (use 
green grapes) 



Cover the protons 
and neutrons in 
plastic food wrap 
to make a nucleus. 



6 neutrons (use 
red grapes) 




4 electrons in 
outer shell (use peas 
and whole sticb) 



2 electrons in 
inner shell (use 
peas and half 
sticks) 



IsTaining 5-at5ta.nc;e5 

Scientiata often use aymbola to deacribe 
aubatancea. Oxygen, for example, ia O2. The O' ia the 
chemical aymbol for oxygen. The ‘ 2 ’ (which ia alwaya 
written lower down and a bit amaller) means that one 



All the aloMs 

The chart on the next page shows 
how many protons, neutrons and 
electrons every atom has. 

Vou can make a model of any 
atom on the chart - as long as you 
can find enough fruit. 




Symbol? 

lUe bo( for 
n\(\v\K^ e(erv>er\f^ 
fke flr?f Igffer of 
fkelr 

O = ox^^eiA; C = c^RrtpoiA 



?ome two (ctterj (ttie firjt 
letter 15 (always a MpitciO: 

He = keliMw, 
AmcI fome w5e letter^ from tt\elr 
nAivtS iio Lflt'iM or Ariilo'iC: 

= potf^^^'iMm (Arabic: kAlivim) 

I Pe = irort (Lfltin: fcrrwm) 



oxygen molecule containa two oxygen atoma. 



Compounda get their names by combining the 
names of the elementa in them. For example, 
carbon dioxide ia CO2. Thia meana it’a made of one 
carbon atom (C) and two oxygen atoma (O2). 

CaCl2 ia calcium chloride - one atom of calcium (Ca) 
and two of chlorine (CI2). 

Luckily, you don’t have to memorize the name and 
aymbol of every element. You can look them up - and 
find out many other thinga - on a chart called the 
Periodic Table Turn the page to find out more... 




All chemicals have formal, scientific 
names, but lots of them have 
common names, too. For example, 
Mihydrogen oxide’ is better known 
as plain old ‘water’. 



29 



How PO^S IT ALL WORfe? 



whal’s in ea.<;Ji tox? 




Name of element Mass number 

The atomic number is the 
number of protons. 

The mass number is the number 
of protons plus the number of 
neutrons. 

It’s called the ‘mass’ number 
because it also shows the amount 
of stuff (or mass) In each atom. 
Electrons are so small - they have 
just 1 / 1 800^^ the mass of a 
proton or neutron - that they 
hardly have any mass at all. 



who da.me Mp wilh 
Ihe PelT'ioqfid Tatle? 

Lots of people tried to draw up 
a table of elements, but the 
first person to make it work was 
Russian chemist Dmitri Mendeleev 
in 1 869. He said the idea for it 
came to him in a dream. 



The PeTiodid 7^hle 

The Periodic Table liata all the elenoenta in order of their 
atomic number (the number of protona in one atom). The 
table ia divided into rowa, called perioda, and columna. 
Eight of the columna are called groupa. 

Elementa in the aame group have the aame number 
of electrona in their outermoat ahell. Elementa in the 
aame period have the aame number of ahella. You can 
find out why ahella are ao important on page 35. 



Group I 



"types of eleJnehls 



ft 
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(see page 32) 
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How DOES IT ALL woRfc? 



If you know a bit about the properties of just a 
few elements you can use this table to work out what 
properties other elements nearby might have, and 
which elements they’re likely to react with. 

The table is still growing. Only the elements up 
to number 93 are naturally occuring; all the higher 
elements have been artificially created in labs. So far 
no one has managed to make any of element number 
117 - that’s why there’s a gap on the table. 



Period? 
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HOW DOJSS IT ALL woRfc? 









Metals can be drawn out 
into wires, and are good at 
conducting electricity (see 
page 38). 



Rea.c?liVe 

The elements in Groups I and II 
are all reactive metals. Because 
of this, they can be hard to 
find in their pure forms. 

Two of the reactive metals in 
Group I, sodium and potassium, 
are so reactive that they 
catch fire when they come 
into contact with water. 



Mo5t dementi are metab. The eaiieit way to 
identify a metal ii how it looki. All pure metab are 
ihiny and they ahare many other propertiea, too. 
are aome of them... 



Metals can be bent 
without breaking. 



When solid, metals make a 
pinging sound if theyVe hit. 



Pure sodium is often kept in 
ajar of oil. The oil keeps the 
sodium away from any air 
moisture or water that it 
would react with. 



Trahsilioji Mela.ls 

Transition metals make up a large 
block of elements. Many can be found In 
pure form, but they can also be combined 
to create metallic mixtures called alloys 
(see page 67). Transition metals include 
iron, copper, zinc, cobalt and mercury. 



poor melaI;S 




Most of the elements in Groups III- VI 
are metals, but many are softer 
and easier to melt than other 
metals. This makes them useful 
for different things. Common 
examples include aluminium, 
tin and lead. 



Most drinks cans are made 
of aluminium. It’s a soft 
metal that’s easy to crush. 




Elements, 
such as zinc 
and cobalt, are 
used to make 
the colours In 
stained glass. 



HOW po^S IT ALL woRJs;? 



Melstlloicfs 

Seven elements in Groups 
III-VI share some properties 
with metals, and some 
with non-metals. These 
in-betweeners are 
known as metalloids. 




The metalloid silicon can 
conduct electricity, but 
only when it’s heated up. 
Substances that do this are 
called semi-conductors. 



Microchips are often made of 
silicon and are used on circuit 
boards. They turn on a circuit 
when heated up, and turn it off 
again when they’re cooled down. 



IvTon inela.]^ 

Unlike metals, all non metals don't conduct 
heat or electricity very well at all. Many of 
them are gases at room temperature. 

There are only 16 non metals, but they 
make up much of the world around us 
- including the atmosphere, the oceans 
and much of the Earth's crust. 




S-alphvr 

At room temperature, sulphur 
is a brittle yellow block that 
crumbles easily. It’s used to make 
gunpowder and match heads. 





dolour? 

Neon makes red or orange 
lights. 

Argon with mercury 
makes blue lights. 

Krypton lights are pale pink. 
Xenon lights are purple. 



Nohle g’SiSeS 

Noble gases are incredibly unreactive 
non metals. Pour of them share one 
very useful property - they produce a 
coloured light when an electric current 
passes through them. 

Noble gases are used to light 
up cities at night. 



HOW DOHS IT ALL woRfe? 




Safe ^lorage 

Nitrogen is often used inside 
food packets. It keeps out 
oxygen, which would make 
the food go stale. 



Pure krypton is used as part 
of really powerful lasers, for 
example In eye surgery. 



pure e]elnelil5 

Only a few elements are found and U5ed in their pure 
forma. For example, very unreactive elements auch aa 
gold, or the noble gases, almoat alwaya occur aa pure 
elementa. Some elementa, auch aa copper are often found 
in their pure forma because they are only reactive under 
certain conditiona. Othera, auch as carbon, react quite 
eaaily, but they can exiat on their own, too. 

Other aubatancea are found as elementa because 
they’re in plentiful aupply Oxygen and nitrogen are both 
reactive gaaea, but therea ao much of them in the air that 
they couldn’t poaaibly find enough other aubatancea to 
react with. 

People and animala inhale oxygen all day, every day, 
but more ia conatantly being produced by planta. So the 
aupply of freah oxygen never runa out. 




How are dompo-aii<f5 maqfe? 

Moat aubatancea aren’t elementa - they’re compounda 
or mixturea. The reaaon compounda exiat ia all to do 
with the electrona in a aubatance’a atoma. 

When two or more atoma collide, they may juat 
bounce off each other Eut aometimea, a few 




CoMpleX (ioMpoulicfs 

Some compounds are made up of 
lots and lots of different atoms. 
In 1 945, British chemist Dorothy 
Crowfoot Hodgkin worked 
out the complex 
structure of the 
compound that 
makes the drug 
penicillin. 



electrona are tranaferred from one atom 
to another Thia changea the atoma, 
and makea them bond together 
That’a how compounda are made. 



Thia proceaa ia called a chemical 
reaction, and it happena 
because of the number of 
electrona the atoma have 
in their outer ahella. 



HOW DOJSS it all WORfc? 



No Ve^dliohS 




Remember it’s very difficult to 
make noble gases react with 
anything. That’s because their 
outer shells are already full and 
they aren’t interested in gaining 
or losing any electrons. 



How do 2 >Xoins fill up Their shells? 

In a chemical reaction, atoma can either give or take 
electrons, or they can share them. 

This works in three different ways... 



1. Giving ancf lading eledlron^ 

Some atoms need to get rid of just one or two 
electrons to get a full outer shell. But they can’t simply 
release their electrons into thin air - they have to find 
other atoms that need electrons. Then there’s a bit of 
give and take, which chemists call ionic bonding. 

Here’s how it works when an atom of sodium meets 
an atom of chlorine... 



What happens: 



How ft looks as a di^am: 






The chlorine atom 
needs to gain one electron 
to get a full outer shell. 



The sodium atom 
has 1 electron in its outer shell... 

... and the chlorine atom has 7. 



Step 1. An atom 
of sodium (Na) 
meets an atom of 
chlorine (Cl). 



The sodium atom needs 
to lose one electron to 
get a full outer shell. 



i 



Step 2. The 
sodium atom 
gives Its 
electron to the 
chlorine atom. 








atoms now have full 
outer shells.... 




HOW DOES It ALL woRfc? 



After giving or taking electrons, an atom has an 
unequal number of electrons and protons. This gives 
it an electrical charge. Atoms with a charge are called 
ions. Electrons have a negative charge, so an atom that 
has gained electrons becomes a negative ion. An atom 
that has lost electrons becomes a positive ion. 

Ions with opposite charges attract each other After 
sodium and chlorine atoms have reacted and become 
ions, millions of them stick together to make structures 
that are big enough to see with your naked eye - 
chemists call these crystals. 



2. Sharing eledlron^ 



Some atoms bond by sharing electrons. They do this 
by overlapping their outer shells. The shared electrons 
sit between the atoms, giving them both full outer 
shells. Chemists call this covalent bonding. 

Here’s how it works for two hydrogen atoms... 




Step 1. Two hydrogen 
(H) atoms meet. 




Step 2. Their shells 
come together. 



Step 3. The electrons are 
shared between both atoms, 
bonding them together as 
a single molecule. 



Atoms that have formed covalent bonds usually make 
small molecules. These molecules don’t attract each other 
very much, because they have no charge. Instead they’re 
free to spread out. That’s why many elements and 
compounds made of covalent bonds, including 
hydrogen, are gases at room temperature. 



lohia hohds 




No* is the 
symbol for a 
sodium ion 
(positive charge). 



Cr Is the 
symbol for a 
chlorine Ion 
(negative charge). 



Millions of Ions of sodium and 
chlorine bond to make crystals 
of a stable compound called 
sodium chloride - better known 
as table salt. 



dova.]eIil hohds 

In a hydrogen molecule, two 
hydrogen atoms share one 
pair of electrons. This forms a 
bond called a single bond. 




Some molecules, such as 
carbon monoxide, share two 
pairs of electrons. This makes 
a double bond, drawn like this: 

0=0 

Methyl-acrylonitirlle is a 
compound made of 1 0 atoms. 
Each molecule contains seven 
single bonds, one double bond 
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yy\^(^v\q\^ 

^ TUe \M^\j 
elecWoins pool '«i^ ^ome 
ry\eials, S^cl\ as \rovy, 01 ve^ 
a s\>ec\al properfy - if 
i^0i^efio. 



ff^ei 
ma\^es f^ei 



3). pooling eleolron^ 

Metal atom5 have another way of sharing electrons: 
they cluster together and pool some of their outer 
electrons into a sort of sea that floats around them. 

Electrons in this sea can flow around any of the 
atoms that are nearby, so every atom feels as if it has 
a full outer shell. Because all the metal atoms release 




some electrons, they all become positive ions. 

Electron 



He^l rac!e 

Here^s a quick experiment you 
can try to test how well metals 
can conduct heat compared to 



Metal ion 



The electrons In the ‘sea’ are 
free to move around and join 
up with different shells. 



non metals: 

First, make a nice, hot cup of 
tea. Then, take two spoons made 
of different material - one 
metal, the other plastic. 

Stick them into the hot tea. 
Then stick both spoons Into a 
glass full of Ice cubes. 




Vou will find that the metal 
spoon gets hot and cools 
down much quicker than 
the plastic spoon. 



txpidiihiiig metals 

Metal atoms cluster together in a regular pattern which 
chemists call a giant metallic lattice In a metallic lattice, 
the atoms are packed together very tightly This makes 
them extremely hard and is why they have very high 
boiling points and are solid at room temperature. 

The sea of electrons around the lattice creates some 
useful effects. Electrons can carry heat and electrical 
energy. Because each electron can move around freely, 
it’s easy for it to knock into and transfer energy to 
the other electrons next to it. This means heat or an 
electric current can flow through a metal very quickly. 
Because of this ability, chemists describe metals as being 
good conductors. 
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HOW DOES IT ALL WORfc? 

StkJtin? lojelJier 

Mo3t individual moleculea and iona are too amall 
to see. But the way they atick together affecta how 
different aubatancea look and behave. 



How do iohS logeUier? 

Iona nearly alwaya atick together to make cryatala. 
Theae alwaya have a regular pattern - imagine it aa a 
bit like a climbing frame. The iona are the jointa. and 
the bonda are the bara. The more iona that cluater 
together the larger the cryatal. Individual cryatala can 
grow quite big. On the next page, you can find out 
how to grow your own. 

It’a uaually very difficult to pull iona apart 
phyaically - even if you heat them up - ao moat ionic 
compounds are aolid even at very high temperaturea. 
But you can break whole hyen of cryatala apart from 
each other Thia ia how you can crumble aalt into your 
food. You’re not breaking apart the iona in the aalt. but 
you're breaking apart aalt cryatala. 



How do inolec-ales slidK logelher? 

Moleculea with covalent bonda form covalent 
compounds. There ia atill an attraction between the 
individual moleculea, but it’a weak. So weak, in fact, 
that theae compounda are uaually liquida or gaaea. 

For example, water moleculea only atick together 
quite looaely, which ia why water ia liquid at room 
temperature. Many gaaea, including oxygen and 
nitrogen, are made of covalent moleculea, too. 




Crystals of magnesium 
sulphate (epsom salt) 




Inside sodium chloride, ions 
of sodium and chlorine bond 
together in a regular pattern. 



Dissolving ions 

Ionic bonds can be broken 
apart chemically, just by 
mixing them with the right 
substance. 

For example, salt (sodium 
chloride) ions will separate 
when they mix with water. 
That’s what’s happening when 
salt dissolves. But no reaction 
has happened, so salt water Is 
a mixture, not a compound. 
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HOW DOSS IT ALL woRfe? 



Do-il-yourself dTysl'Sils 

Vbu can grow your own crystals using bicarbonate of soda 
(NaHC 03 ). This experiment shows you how. ^ 



1 . Fill two jars with hot water. Stir about six 
teaspoons of bicarbonate of soda into each 
jar. Keep adding more soda until 
no more will dissolve. 



2. Put the jars in a warm 
place with a plate In 
between them. Make sure 
they won’t get moved. 






Bicarbonate of soda is usually sold as a powder made up of tiny crystals. 
The powder dissolves in water. The mixture of water and soda is soaked 
up by the wool. The water then evaporates slowly, leaving behind pure 
bicarbonate of soda ~ which reforms into big crystals. 



as long as your 
each end of 
one end 



4. Leave the jars for at least 
a week. Crystals should grow ^ 
gradually along the 
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IT 



rea.dlioli 5 



Not all reactiona happen becauae of electrona. 
Sometimea, the nucleua of an atom can aplit apart 
by itaelf, or fuae with the nucleua of another atom. 
Theae are both called nuclear reactiona. 

Nuclear reactiona change one kind of element into 
another becauae protona are loat or added. But they're 
pretty rare becauae they need lota of energy. They 
uaually only happen inaide atara, or power generatora 
called nuclear reactora. 




This symbol means a substance 
is radioactive (see below) and 
will emit radiation. Radiation is 
dangerous because it can cause 
serious illnesses, Including cancer. 



UJi^taisle elelYielitiS 



A few elementa have an unatable mix of protona and 
neutrona in their atoma. Becauae of thia, the nucleua 
in any of theae atoma can auddenly break down and 
emit (aend out) aome of ita bita. Scientiata call theae 
unatable elementa radioactive. The stuff they emit 
ia called radiation. 

Uranium ia one of the few radioactive 
elementa that can be dug out of the 
ground. It'a found in lumpa of rock 
called pitchblende. Inaide pitchblende, 
aingle atoma of uranium emit two 
protona and two neutrona. Theae 
fuae to make aomething called an alpha 
particle. Loaing theae particlea converta the 
uranium atom into a thorium atom. 



who discovered 
radioaclivily? 




discovered radioactive elemenh 
n pitckble^de. \Ale invented 
tke uiord 'radioactivity’. 



The Curies and Becquerel shared a 
Nobel Prize for their work in 1 903. 




' Alpha particle 






By the time all the atoms 
inside a lump of uranium have 
emitted alpha particles, it has 
become a lump of thorium. 



l 



Lump of uranium 
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HOW DOES IT ALL woRfe? 



4 *. 




An Ancient Greek philosopher called Democritus 
invented the word ‘atom’ about 2,500 years ago. He had 
the idea that substances could be divided into smaller 



A trief of 



and smaller parts, until you found a particle so tiny it 
couldn’t be divided any more. He called these particles 
’atoms’, which means ‘uncuttable’ in Ancient Greek, 

The idea of atoms was ignored for centuries, because 
scientists were more interested in studying whole 
substances. Then, in the 18th century, Amedeo 
Avogadro in Italy began to study the way gases take 
up more or less space when temperature and pressure 
change. He guessed this happens because gases are 
made of tiny moving parts. 

In 1803, English chemist John Dalton was 
investigating how reactions work. He suggested 
that every element and compound must be made 



word - atom. Over the next hundred years, scientists 
came to believe that atoms must really exist. 



uncuttable’ 

atoms were actually made up of even smaller parts. In 
1909, New Zealander Ernest Rutherford used radiation 
to detect the nucleus of a gold atom. 




Amedeo Avogadro 



of minuscule particles, and he reused Democritus’s 



Ernest Rutherford won a After the discovery of radiation in the 19th century. 






In 1913, Danish scientist Niels Bohr 
suggested a way that electrons could I 
around an atom’s nucleus. This finally 
explained how atoms react with each 
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HOW DOES IT ALL WORfe? 



Aloms 2)ih<i hohds: heed \o ftiiow 




Protons and neutrons stick 
together in the atom’s nucleus. 

Electrons orbit around the 
atom in layers called shells. 

Protons and electrons have opposite charges, 
so they attract each other. Atoms have the 
5 ^gjj same number of electrons as protons. 

This diagram shows four electron shells Proton (+) 

circling the nucleus from different angles. 



Electron (-) 



Neutron (no charg 




more ^f^ble if tkelr o\A\er ^^^e(( 
i^ fvill of eleciroi^^. If ft\ey dom’f ^ve ^ fvtil 



fke 



fh otke 



re^iof 



fhe 



do. 



^tomf Mint 



u;i 






The 






d 



in three 



^ ‘ 



3. Metal atoms join together 
in a giant metallic lattice, 
pooling their electrons in a sea 
that flows all around them. 



1 . Some atoms give or take 
electrons to become Ions. 



2. Some atoms overlap 
their shells, and share 
their electrons to 
i become molecules. 



Ions have a positive or 
negative charge. Opposite 
ions attract each other and 
make ionic compounds. 
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Pari 3,: 

Lel’5 ma.Ke happen! 




Chemi5try can aometimea seem like magic. 

After all, how on earth doea a firework explode into 
different coloured lights when you set it off? And how 
can a dangerous acid turn into harmless and tasty table 
salt? What’s really going on (in both cases) is just a 
chemical reaction. But the effects of any reaction can be 
spectacular surprising - and often very useful... 



LJSrS MAkJS THINGS HAPPEN/ 










This reaction also gives out a 
tiny bit of heat energy. 



A simple Te’^dlioh 

When hydrogen chloride (HCI) 
meets sodium hydroxide (NaOH).. 



...the molecules knock together, 



This splits up the compounds 



Rea.dlion^: Ihe 

Reactions happen between the atoms of different 
substances but the results affect the w/zo/e substances, 
Substances that react are called reactants, and any 
new substances formed by the reaction are called 
products. Reactions also take in and give out energy 
- usually as heat or light (for example, as a flame), But 
this energy doesn’t count as a reactant or a product. 

When reactants are mixed together most of their 
molecules or ions will react, if part of one reactant 
is attracted to part of another Their molecules break 
down, and rearrange to form new products. But there 
can be some molecules of each reactant that don’t react, 
so they’re left over at the end. 



New bonds form... 



Rea.dlioH5 a.ro-aH<f 

Chemical reactions are happening all around us, all the 
time. They’re even happening inside your body right 
now When you breathe in air the oxygen it contains 
reacts with chemicals from your food, producing 
carbon dioxide and water vapour (which you breathe 
out). This reaction also gives out energy, providing 
power for your cells, organs, muscles and brain. 



Chemists often use a reaction to get a specific product. 
Any other products are then described 
as by-products. Many by-products 
are useful, but some are dangerous - 
such as polluting smoke that comes 
from coal-burning power stations. 



By-pfocf-ucjls 



...making two new 
Sodium chloride 
(table salt)... 



compounds: 
...and water 




LET’S MAfcE THINGS HAPPEN.' 



How cfo resic!lioii5 5larl? 

No matter how keen a aubstance is to react, a certain 
amount of energy is needed to kick-start any reaction. 
That’s because energy is needed to help break the 
existing bonds inside the reactants. 

Energy to start a reaction can come in different 
forms. Most often it’s heat, but it could also be light or 
electricity. And some energy (again, usually heat) is 
given out at the end when the products are formed. 



He^l ih, heal o-al 

Some reactions take in more heat at the start than they 
give out at the end. These are called endothermic 



Food chemistry 




Baking and cooking are 
just chemical reactions in a 
kitchen. Heating food speeds 
up the reaction between the 
ingredients. Stirring helps the 
ingredients (or reactants) to 
mix together properly, so they 
react more swiftly. 



reactions. For example, when you eat sherbet, it takes 
heat from your body to react with water in your mouth. 
This makes your tongue tingle (it’s really feeling cold). 

Exothermic reactions are the opposite - they give 
out more than they take in. If you drop an indigestion 
tablet into a bowl of vinegar it will fizz. The bowl 
becomes warm, because the reaction gives out heat. 



Heat taken in by 
reaction: lots 



Kerens an endothermic 
reaction 



Heat given out by 
reaction: not much 



Heat taken in by 
reaction: not much 



Here’s an exothermic 
reaction 



Heat given out by 
reaction: lots 





Lvnchiiig Oh 2igM 

Plants use the green stuff 
In their leaves (called 
chlorophyll) to capture light 
energy from sunshine. 
This kick-starts a 
reaction between 
water and carbon 
dioxide to make 
glucose (food). 

This whole 
process is called 
photosynthesis. 



FTalura] lorch 

Inside a firefly, there’s 
a substance that 
reacts with oxygen to 
give out light. This Is 
what makes the 
firefly glow. 






L^rs MAkS rnims haffjsn! 



Gunpowder 
is made of 
reactants that 
react so quickly 
they cause an 
explosion. 



Silver 
objects 
react with 
air to form a layer 
of tarnish. It can be 
removed by polishing. 




Life savers 

Vbur body is brimming with 
biological catalysts called 
enzymes. They speed up vital 
processes that keep you alive. 

But sometimes an enzyme 
can speed up a reaction so 
much it makes you feel ill 
or in pain. Many medicines, 
for example aspirin, work by 
inhibiting these reactions. 



/ 



Rea.cfy, 

The amount of energy a reaction needa to get going ia 
called ita activation energy Some reactiona need a lot 
of activation energy, but othera only need a little. 

Once they get going, aome reactiona happen in 
aeconda, auch aa exploding gunpowder Othera, auch aa 
ailver turning black (tarniahing), can take many weeka. 
The rate of a reaction dependa on the reactivity of the 
reactanta - which means how keen they are to break 
up and form new producta. 

Speeding up sjov/ing do-wh 

Many reactiona will happen more quickly if you add 
an extra aubatance called a catalyat. The catalyat ian’t a 
reactant - it juat lowera the activation energy. At the 
end of the reaction, the catalyat ia unchanged and can 
even be uaed again. Different aubatancea can be catalyata 
for different reactiona. For example, platinum apeeda up a 
reaction in car exhauat pipea to get rid of poiaonoua gaa. 

You can alow down or even atop a reaction from 
happening by adding another auabtance called an 
inhibitor For example, galvanized iron ia coated in a 
layer of zinc, which ia an inhibitor It alowa the reaction 
between iron and air that forma ruat. 




Reactiona can alao be apeeded up or alowed down by 
changing the temperature. Heat makea moleculea ruah 
around and collide more often, ao they react faater 
But if reactanta are cooled down, they have leaa 
energy to move around and baah into each other ao 
they react more alowly. 
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LSTS MAkJS THINGS HAPPEN/ 




Feed Ihe v/ovld 

Over one third of the world’s 
population relies on food 
grown with the help of 
ammonia fertilizers. 



WjisiVs the point of cJata.]yst5? 



Chenoi 3 t 5 often do experiments to work out a 
reaction’s activation energy, and which catalysts 
can help. This is so that they can change the reaction 
conditions in factories, to manufacture products more 
quickly and efficiently. 

For example, in 1909, German chemist Fritz 
Haber worked out how to make nitrogen react with 
hydrogen to produce ammonia (NH 3 ). This is a key 
ingredient in many fertilizers, used to help grow crops. 
Haber found he could produce lots of ammonia by 
raising the temperature and pressure to the right levels, 
and adding iron as a catalyst. 



Do-H-youTSelf reacilioh race 
In this simple experiment, you can see for yourself how heat changes the speed 
of a reaction. Vou will need some tap water and two soluble indigestion tablets. 



1 . Take two glasses. Put cold water in the 
first and hot water in the second. 



Cold water 
(from the 
fridge) 




2. Drop one tablet Into each of the 
glasses at the same time. If you don’t 
drop them In at the same time, it won’t 
be a fair experiment. 




Hand-hot 
water (from 
the hot tap) 




going oil? 

The reaction between the tablets and the water needs 
a little heat to start. Cold water won’t start to fizz 
until it warms to room temperature. But the hot water 
kick-starts the reaction right away. This reaction is 
also exothermic - so when the reactants do start to 
fizz, they make the water even hotter. 



3. Watch the two glasses closely. 
Vou should find that the glass 
with warm water starts to fizz 
up after a few seconds, before 
the glass with cold water. 








LET’S MAfeE THINGS HAPPEN/ 




^clei^ce 



?0m€ i><^e 

^yrv\bo(^ to give extr^ 
iv\foriY\^tlov\: 



writing cfown reacjlion^ 

Chemists write down reactions using equations that 
look a bit like maths. They add the reactants together 
on the left, then draw an arrow and finally show 
what the products are on the right. 



mean? light energy, 
mean? heat energy. 

(?), (0 or (g) rv^e^v^f ^ 
^i4b^Ur\Ce if 
^olld, (it^^i/jld or g^^f. 
Ucj) rv^e^v>^ ^ $^Aio^{ar\ce 
'ac^y{eo\A^* - dl^^olved 

it^ \Aj^ier. 



Here’s a simple chemical equation in words: 

Sodium hydroxide + Hydrochloric acid — > Table salt + Water 

And here’s how it looks usipg chemical symbols: 



NaOH + HCI 



NaCI + H^O 



B'diJ'^hcih^ ec^VL^liohs 




One of the most important things to know about 
reactions is that, overall, nothing is destroyed or made. 
This is called the Law of Conservation of Mass. 

It means the total number of atoms of each 
element has to be the same on both sides of the 
arrow This is called balancing the equation. 

This equation shows the reaction plants use to make glucose (food): 

+ sunlight 

Water + Carbon dioxide — » Glucose + Oxygen 
Here’s how it looks when balanced, usipg chemical symbols; 

6H2O + 6CO2 — ^ ^6^12^6 ^^2 







On the left: 

There are six molecules of water and 
six molecules of carbon dioxide. 



6 X H 2 = 1 2 hydrogen atoms 

(6 X 0) + (6 X O 2 ) = 1 8 oxygen 
atoms 

6 X C = 6 carbon atoms 



On the right: 

The reaction produces 
one molecule of glucose and 
six molecules of oxygen. 



H ^2 1 2 hydrogen atoms 

Og + (6 X O 2 ) = 1 8 oxygen 
atoms 

Cg = 6 carbon atoms 



L^TS MAfeS THINGS HAPPEN/ 



Weivd wojicferf-u] rea.dlioii^ 

Chemists have discovered all sorts of chemical reactions - some useful 
and some not so useful. Here are a few examples... 









Powh Oh Ihe farm 

Daif7 farmers often add certain bacteria to cows’ 
milk. The bacteria cause a reaction in the milk 
that produces a delicious-tasting acid. This is 
how yoghurt and cheese are made. 



the oven. 



ScJorciJiiiig 

Sunshine contains an invisible energy called 
ultraviolet light. It causes a reaction In 
your skin which gives you a tan. But too 
much leads to sunburn. Sunscreens block the 
ultraviolet light and prevent the reaction 
from happening. 



Sharp sauce 

Soy sauce Is made from soy beans 
and wheat boiled In water. Bacteria 
in the water ‘ferment’ (or cause a 
reaction In) the mixture, breaking 
It down Into alcohols and acids. The 
acid is what gives soy sauce Its 
sharp taste. 



Calchihg your trealh 

Potassium chlorate, lithium chlorate and sodium 
chlorate all give off oxygen when heated. They 
are used to provide people in space stations or 
submarines with oxygen to breathe. 



Airy cahes 

Baking soda is a sodium 
compound that produces carbon 
dioxide when it’s heated. 

It’s bubbles of this 
gas that make a 
cake rise in 






dripplihg cramp 

Lactic acid Is a product of a 
reaction in your muscles. Vou use 
the reaction to get energy when 
you’re doing a lot of exercise. 
But too much lactic acid can 
make your muscles ache, and 
sometimes gives you a cramp. 








L^T’S MAfcS THINGS HAPPEN/ 



, 1 ; 



Sutslahc!e }sey-|- 

Reactions often involve r 
substances in different - 
states. This key shows the \ 
symbols used for the formT" 
of the substances involved 
in reactions in this chapter: 



Solid lump Solid pellets 






Solid cf7Stal Solid powder 




R 



Gas 



Liquid L 



All kinds of readlions 

There are many different way3 for 3ub3tance5 to react 
and exchange atomi or ions. Here are just six common 
types of reaction... 



Rea-dlioii type l: lra.<fing p]a.deS 

Sometimes, a substance reacts with a compound by 
kicking out part of that compound. This is called a 

displacement reaction 

For example, zinc metal reacts with hydrochloric 
acid to displace hydrogen gas. This happens because 
there’s a stronger attraction between zinc and chlorine 
than between hydrogen and chlorine. 

A zinc atom can give an electron to each of two 
chlorine atoms. The zinc and chlorine become ions 
and bond with each other Loose hydrogen atoms are 
kicked out. They bond in covalent pairs and float away. 



How il happens... 




Two molecules of hydrochloric acid 
(hydrogen chloride)... 



And gives one electron to each 
chlorine atom. 




At the end of the reaction, there^s 
a molecule of zinc chloride, and a 





The zinc atom splits each 
molecule apart... 



Chemists say that the zinc has 
‘displaced’ the hydrogen. Here’s 
how it looks as an equation: 




In 2HCI ZnCl 2 + \ 
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LST’S MAfeS THINOS HA??ZN! 



Kedidlioh lype 2: trea-llcfown 



If a compound has enough energy, it can 5ometime5 
break apart to make new products all by itself A 
chemical change has taken place, so this still counts 
as a chemical reaction. Its called decomposition. 

For example, when calcium carbonate is heated 
it breaks apart to form calcium oxide and carbon 
dioxide gas. Here’s the equation: 




This reaction 
needs heat 





CaO 



+ 




Ke^dlioh type y h^dh forth 

Sometimes, reactants form new products, only for 
the products to react together and turn back into 
the original substances. These are called reversible 
reactions. Because they can keep going back and 
forth, the reactions never quite finish happening. 

For example, if you heat nitrogen dioxide, it 
splits into nitrogen monoxide and oxygen. This is 
a decomposition reaction - but it’s also reversible. 
'When the products cool down, they react with each 
other to form nitrogen dioxide again. Heat is the 
key If the products stay warm enough, the reverse 
reaction can’t happen. 

This equation has an arrow pointing both ways 
to show that the reaction is reversible: 





rekoici diox-de 0«' 
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\AJl^ey\ oxldflfio/\ 
ret^ciToi^^ \joere flrff ^ 
discovered, ckem'ish 
\i\OiA(^U{ {keij i*iere «(! <\[)0 \a\ 



S<^y^i'^v\CeS 0)(ij^ey\. 

^'mce {ke discovery of 
elechoins, ckemish r\o\*i 
kv\oiAj ik^i o)cid^!ifioi^ really 
all alooiA^ elecirotTiS. BmI ike 
name kas s^^ck. 



ReacJlion type 4: Iwo-in-one 

Some reactioni are made up of two ‘half reactioni in 
which reactanta lo5e and gain electrona. 

One reactant loaea electrons - this ia called oxidation. 
The other reactant gaini those electrons - this is called 
reduction. Together oxidation and reduction make lots 
of ions - which are then attracted to each other and 
bond, forming products. The whole process is called a 
redox reaction (short for reduction/oxidation reaction). 

One common redox reaction happens between 
calcium and chlorine. The reaction can be shown as 
two half equations or one whole equation... 




This symbol is put on labels 
to show that a substance is 
an ‘oxidizing agent’. 

Most oxidizing agents, such 
as potassium nitrate, can 
cause nasty burns. They must 
be handled with care. 



Oxidation half reaction; 

A calcium atom loses two electrons 
and becomes an ion, written as 
Ca^'*’. The calcium is ‘oxidized’. 

Ca — > + 2e" 

Overall redox reaction: 

The calcium ions (Ca^'*’) bond with 
the chloride ions (Cl“), to form the 
final product: calcium chloride. 



Reduction half reaction; 

A molecule of chlorine gains these two 
electrons and becomes two ions, written 
as 2Cr. The chlorine is ‘reduced’. 



Cl^ + 2e- 2C|- 




Ca + CI 2 CaCl 2 




Calcium chloride is an unreactive powder, 
which is good at absorbing water. It’s 
sometimes used as a food preservative. 
Chemists use it in labs to protect reactive 
substances from moisture in the air. 



LST’S MAfcE THINGS HAPPEN.' 




off] 

Burning, or combustion as chemists like to 
call it, is the most famous redox reaction of 



example, in a rocket engine, hydrogen gas burns with 
oxygen. A spark activates the reaction between the 
two gases, and they keep burning until one runs out. 
This reaction gives out a massive amount of heat and 
power that pushes the rocket up into space. 

Oxidation half reaction; Reduction half reaction: 

2 H 2 4H'*' + 4e" O 2 + 4e" — > 20^ 

Overall 
redox 
reaction; 

2H2 + O2 2H2O 

The hydrogen is oxidized and the oxygen is reduced. 





cdiiA be 
described ua 
fkree 

exoibermic 

(if 0lves bec\\), a. 

combiAS^\or\ reaci\or\ 

AMD a redo)c re^cfloiA. 




Whs^l a. firedradKe^i 



Redox reactions are also the secret behind fireworks. 



Fireworks contain a mixture of metal and other 
compounds that produce oxygen after they are lit. 
The oxygen reacts with the metal, making it burn 
with a coloured flame. 

Here’s the equation for a reaction inside a blue 
firework, made using copper chloride: 

Oxidation half reaction: Reduction half reaction; 

4CI" 2 CI 2 + 4e" O 2 + 4e" — ^ 20^ 



Overall 
redox 
reaction; 

4CuCI + O 2 — > 2 CU 2 O + 2 CI 2 

The chlorine is oxidized and the oxygen is reduced. The copper 
starts out bonded to chlorine and ends up bonded to oxygen -- so it 
has changed - but it hasn’t been oxidized or reduced. 





Teslihg, leslihg 

Different metal compounds 
burn different colours. 
Chemists use the colours as 
a simple check to see what 
metal a substance contains. 
This check Is known as a 
flame test. 



Magnesium 



Strontium 



Sodium 



Copper Pol ( 



assium 



L^TS MAfes: THINSS HAPPEN' 






Slt*ohg Wea.li 

Most acids come dissolved 
in water. If there Is a lot 
of water, theyVe said to be 
diluted. If there^s hardly any 
water, theyVe concentrated. 



Hydrochloric acid is very 
corrosive, but It’s safe to 
handle when it’s diluted in lots 
and lots of water. 



There’s dilute 
hydrochloric 
acid in your 
stomach that 
helps digest 
food. It’s dilute 
enough so it 
doesn’t burn 
your tough 
stomach 
lining (but it’s still strong 
enough to give you heartburn). 



Citric acid is weak. But in a 
lab, it’s possible to make it 
so concentrated that It could 
cause burns. 

Lemons contain dilute 
citric acid. 

It’s just strong 
enough to give 
pancakes a 
bit of zing. 



Reia.cJlioii type 5* J^eet ill the middle 

Yet another kind of reaction happena when a compound 
called an acid ia mixed with a compound called a baae. 

whsit’s siH 2idid? 

Adda vary from weak acida - like the aour-taating 
citric acid in lemon juice - to atrong acida, like the 
aulphuric acid uaed in car batteriea. Many weak acida 
are uaed aa flavouringa. Strong acida are uaually 
poiaonoua and are alao corroaive, meaning they can 
cause burna. 

Chemiata define an acid aa a aubatance that makea 
poaitive iona of hydrogen (H+) when diaaolved in 
water How atrong the acid ia dependa on how many 
of ita moleculea break up into iona. 



A baae ia the oppoaite of an acid. In water it makea 
negative iona of hydroxide (0H-). Like acida, baaea can 
be atrong or weak. Weak baaea, auch aa baking aoda, are 
edible, although they don’t taate of much. Strong baaea, 
auch aa oven cleaner are aa corroaive aa atrong acida. 
When a baae ia diaaolved in water it’a called an alkali. 



A hs^ppy medium 

When an acid and a baae are mixed in the right 
quantity, they react to form water and a aalt. Table aalt 
(aodium chloride) ia juat one kind of aalt. Salta aren’t 
acida or baaea: they’re neutral. So thia kind of reaction 
ia called a neutraliration reaction. 
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LET’S MAKE THINGS HAPPEN.' 



This equation shows the neutralization reaction 
between sodium hydroxide (a base) and hydrochloric 
acid, which produces table salt and water: 




NaOH + HCI NaCI + H2O 



The pH SC^Je 

The strength of an acid or a base is measured on a 
scale called the pH scale, which goes from 0 to 14. 

A really powerful acid has a pH of 0. The strongest 
base has a pH of 14. A neutral substance has a pH of 7 . 



Ho"W da.li you lejl IheTti aparl? 

Luckily for chemists, there's a simple way to tell acids 
from bases - they use a substance called an indicator 
One of the simplest indicators is called litmus paper 
There are two kinds of litmus paper: 

- Blue litmus paper turns red in an acid. 

- Red litmus paper turns blue in a base. 




Universal indicator can give a more 
detailed result. It's a liquid that turns 
red, orange or yellow in acids, pale 
green in neutral substances, 
and dark green, blue or 
purple in bases. 




Copper ?MlpUtc i? o«e of 
M?of^alt.VA;^^ev^■.P^ dry, 
it'? wt\ite, 'f 't towoke? 
eve^ A tiny flmownt of wrtter, 
it turn? biwe. ?o ckemi?t? 
often w?c it to teft if «notker 
^wWancc contain; water. 



khov/ yoxiT 
from yo-af h's^SeS 




Sulphuric odd 


0 


Hydrochloric acid 


1 


Ethanoic acid 
(in viMprl 


4 


Bee sting 


5 


Citric acid 


5 


Carbonic acid 


6 


(in fizzy drinks) 






Neutrah 

Woter 7 



Bases: 




Baking soda 


8 


Soap 


8 


Wasp sting 


; 9_ 


Magnesium hydroxide 
(in indigestion tablets) 


10 


Sodium hydroxide 
(in drain cleaner) 


14 



This table shows the colours 
that universal indicator can 
turn, depending on the pH of the 
substance it’s mixed with. 



L^T’S MAfeS THINSS HAPPEN/ 









Po—il— yourself in<ficjalor 

Vou can make your own indicator by following these instructions. 

Vou will need; a red cabbage, a saucepan, some empty glass jars and a variety of 
household substances to test. Vou could try; vinegar, mouthwash, orange juice, 
baking soda, indigestion tablets, peppermint extract - or anything else you like. 



1 . Chop the red cabbage 
up into little bits. 




3. Vou don’t need the cabbage 
now. Strain it, and keep 
the purple liquid. This 
is your indicator. 




2. Boil the cabbage In water for 
about 1 0 minutes, until the water 
turns a pink-purple colour. 




4. Allow the indicator to 
cool, then pour some into 
a few empty jars. 




5. Try adding different substances to 
the jars, to see which ones make the 
indicator change colour. 

Acids will turn 
the indicator red. 









Bases will turn 










It blue. 
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tip 

If o< fut « 

’ / ^ very v/eaV acid or ba^e 

yo« ^.lyWUve+oadd lot?lo?eea 

colour 

Yo« ca« al?o make tke mdicaj-or 

cUv,9e colour baek and fortU by 

«ddJaanac-.dMandkbenlohof 

«ba?e (or tbeokber way around). 




L£t’S MAfeE THINGS HAPPEN.' 



IsTol c^uile Iieulfa] 

When acidi and baaea mix, they don’t always form a 
neutral product. For example, if you mix a strong base 
like sodium hydroxide with a weak acid like hydrogen 
carbonate, it makes a weak base: sodium hydrogen 
carbonate, more commonly known as baking soda. 






NaOH 








NaHCO, 



H^O 



When a weak acid reacts with a 
strong base... 

Acid Neutral Base 




...they don^t balance out neutrally. 
Instead, they make a weak base. 



In the same way, adding a strong acid to a weak base 
creates a weak acid. For example, hydrochloric acid 
and ammonia make ammonium chloride - a weak acid 
used in shampoo to help prevent split ends in hair 




Soa.p 



Mixing the right kind of weak acid with the right kind 
of base makes one very useful product - soap. 

Soap contains lots of long chain-like molecules. 
One end of the chain likes water That’s why a gloopy, 
soapy mixture forms when you mix soap with water 
The rest of the chain hates water but loves grease. 
When you dip greasy hands in soapy water these 
ends gather around the grease particles, trapping them. 
Rinsing with water then allows you to wash away 
the soap and the grease. That’s how 
soap gets things clean. 

Grease particles 

Grease-loving parts of soap 
molecules gather together, 
trapping the grease particles. 

Water-loving end 
of soap molecule 




Hzihds off 

Hundreds of years ago, people 
used to make soap by hand, by 
mixing animal fat with a base 
called lye. 

But pure lye is so strong 
that many people burned 
their hands while making soap. 
Nowadays people who make 
soap wear protective 




LET’S MAfcE THINSS HAPPEN.' 



Plastic ^ehi-ases 

Most plastics that people use 
today were only invented in 
the 20th century: 

1 908 Leo Baekeland 
created bakelite, used 
in old-fashioned 
radios and 
telephones. 



1933 Eric Fawcett 
and Reginald 
Gibson invented 
polythene, great 
for making 
plastic bags. 





1 935 Wallace 
Carothers invented 
nylon fibre, used 
in clothing. 



1 9^5 Stephanie Kwolek 
invented Kevlar®, now 
used in bulletproof 
vests. 




Rea-dtioh type G: fa.nta.5tici pJdiSlidS 

Yet another kind of reaction is used in factories that 
make plastics. The reactants are small molecules 
found in crude oil. Heat, pressure and, sometimes, 
catalysts make these molecules react to form really 
long chains, called polymers. Chemists call this a 
polymerization reaction 

All plastics are made of polymers. Some polymers 
exist in nature, too. They’re found in things such as 
wool, cotton and the hairs on your head. 

Different plastics have very different properties, 
making them useful for all sorts of things. Some are 
hard and strong, others are stretchy and light, and 
most can be pulled around to make different shapes, 
from plastic cutlery to toys. 



Bulletproof vest 
I 



Kevlar® plastic is 
stitched together to 
make the vest. 



The molecules in Kevlar® 
are very tightly packed. The 
structure absorbs and spreads 
out the Impact of a bullet. 



Plaslic; pollulioh p]a.5lid f^ht'ids 




Many plastics don’t break down 
naturally in rubbish dumps. But 
some, such as polyester and PET 
plastic, can easily be recycled. 



Plastic is so versatile that it can even be pulled out 
into thin threads, and woven together to make fabrics 
that are light, warm and hard-wearing. Lycra® is a 
plastic used in underwear and sports clothing. 
Polyester, another plastic, can be used in pillows, 
and acrylic plastic is often mixed with wool to 
weave into warm fleeces. 



£0 



LISTS MAkS THINOS HAPP^W.' 



Rea.c;lioii5: t]ie ]ow<fowii 



Chemical reaction5 are happening all the time, everywhere. 




A reachon if y^keiri fhe bond? between 

fltom? bre^it «ind the <itom? re<^rr^in0e 
^■|■^\em?elve? into new ?oib?ti!inoe?. 



boi^d^ ^re - if f^ke^ ^ 
ei^ergy fo bre<;^k ft>er>^, ^ii^d energy 1^ 
e^i^fed tol^en neu; one^ form. TUe ^ImO^nf 
>f energy needed fo ^ft^rf ^ re^oflon 1^ 
chilled fke ^ofiv<;^fion ener^u. > 



rr for 
?ecomd. 



or ^Mr€ 
elecfroiAf. f 



TUere'^ ike 
of rM/5(ffer 
flf fke ff(5»rf etnd of 
re^iofiotn. 



If rv^ore energy 1? 
iakey\ 1»^, ll'? 

etAc|ofker»v\lc 

re^cfioiA. 



It tnore er»ergg 
1? givei^ ouif, if’^ 
eyoikerrnlc 
relief iom. 





B^Sii 




3. Theu fiive, ,1 w 



I 




Re^cflon^ CtJ^n fc?e wrlffen dou;n ec^M^flon^ 
^^’mg ^ymbol^, nofmber^ tJind ^rrow^. 



M^OH + HC( 

TKe friflingfe ft^if 
rgflofioi^ glv€? omI 



+ M^C( 



Aold^ And ^re ckerv\\ca( oppo^lfe^. 
Tkelr ^freiAglk if r^e^fuired i»n pH utmiff. 



Tkerc c^re fix corwrwom fgpef of re^^cflom: 

• dlfpUcerwem-f- 

* dcCOrMpOflfiotn 

• reverfibfe 

* redox 

metifr<^(i2^ifioin 
pofgmeriz^^fioio 



lA/ken fkeg re^^of 
fogefker, fkey prodi^ce 






» 



pari ')•: 

How is dheJnislVy useful? 




Even before chemists knew anything about moleculei. 
atoma and electron ihelb, they did experiments to find 
new ways of using substances - from common carbon 
and oxygen to rarer stuff such as phosphorus and 
molybdenum. Along the way they’ve worked out how to 
make all sorts of useful things, some rather unusual and 
some quite ordinary. In this chapter you can discover how 
chemistry plays a role in almost every part of our lives. 
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HOW IS CHEMISTRY USEFUL? 



I 



i B-uriRy tails 

‘Bucky balls’ (short for 
I buckminster fullerenes) are a 

! special form of carbon first 

i discovered in a lab. They look 

^ like microscopic footballs, 

made up of sixty carbon 
atoms linked together. 




They’re really strong and 
p good conductors of electricity. 

Chemists are exploring ways 
of using them like Incredibly 
tiny machines, for example to 
carry molecules of medicine 
to specific areas of the 
human body. 



dhelnislTy 

Carbon is one of the most useful elements on Earth 
both as an element and in compounds. Confusingly, 
pure carbon comes in two main forms which have 
very different properties: graphite and diamond, 

Graphite is black and crumbly. It’s the bit of a pencil 
that you write with. In graphite, each carbon atom is 
joined to three others in layers. Each layer can easily 
slide over the others. That’s why the graphite in a 
pencil rubs off onto paper when you write. 

Diamond is the opposite. It’s clear and hard - in 
fact, it’s the hardest natural material on Earth. Each 
carbon atom is bonded to four others in a large, 
interlocking crystal. This gives diamond its strength. As 
well as making jewels, it’s used in industrial drills. 



darton for life 



5 

i| 

1 




A DNA molecule 
comes in a 
shape called a 
double helix, 
which looks 
like this. 



Deep inside you - and every living thing - there 
are molecules of your very own personal carbon 
compound, known as DNA. It contains hydrogen, 
nitrogen and some other things, but it’s mostly carbon. 

The chemicals in your DNA are linked in an order 
that’s unique to you. The order is like a code that tells 
your body what to do. Your DNA affects everything 
- from the colour of your eyes to the shape of your 
nose, and even how good you are at solving pu??les. 

You inherit half of the code from each of your 

parents. That’s why children and parents 
share many similar features. 



i 




HOW IS dH^MISTRY US^:FUL? 



Oartoii 2,h<i oxygen 

Carbon can bond with another common 
element, oxygen, in different waya. 

Carbon monoxide (CO) ia a colourless, 
odourless, and extremely poisonous gas. It’s 
formed whenever carbon compounds burn 
in a limited amount of oxygen, for example in 
car engines. Car exhaust fumes contain a lot of 
carbon monoxide. 




dartoii cfaling 

Scientists can use carbon to 
date very old remains, such 
as this sabretooth tiger skull, 
which is over 1 1,000 years old. 



Carbon dioxide (CO2) is what we breathe out. Plants 
absorb it from the air to use in photosynthesis. It’s also 
used in some kinds of fire extinguisher Fires need 
oxygen to burn, so smothering a flame with carbon 
dioxide means that oxygen can’t get to it. 

Mihera,] d'diVhoh 



And how does It work? Well, 
all living things contain small 
amounts of a radioactive type 
of carbon called carbon- 1 4 (^^C). 
After they die, the amount 
of ^ gradually decreases. 
Scientists can measure how 
much is left to work out how 
long ago they lived. 



Many common minerals contain carbon compounds 
known as carbonates (CO3). For example, limestone 
rock is mostly calcium carbonate. Lithium carbonate 
can be found in anything from glass to glue to pills. 

Chemists use carbonates to make carbon dioxide. 

If any kind of carbonate is mixed with a strong acid, it 
will fizz up and give off carbon dioxide (CO2) gas. 



l^hen caldum carbonate is mixed with 
hydrochloric add> it produces carbon dioxide. 

-im 




TUere'^ put re 
c^rl^o/\ dioxide 
'm 'H-vi^ futbe. 



The bubbles 
of gas are 
collected 
in water. 




Yesling, leslihg 



Chemists can check if a 
reaction produces carbon 
dioxide by using a solution of 
calcium hydroxide, also known 
as lime water. 



Limewater is clear. But If it 
mixes with carbon dioxide. It 
turns cloudy. This Is because It 
reacts with the gas to make 
calcium carbonate - a powder 
that doesn’t dissolve. 



The reaction also produces water and calcium 
chloride (a solid that dissolves in the water). 



How IS CHEMISTRY USEFUL? 




All a.fco-al inela.]^ 

Metals all have similar properties, but some are tougher 
than others, or better at conducting heat. Here are a 
few examples of ways people use metals... 



Tahihg Ihe heal 

Molybdenum doesn’t melt until It reaches 
an astonishing 2,623°C. It’s used on 
the outside of spacecraft, because it can 
withstand the intense heat that builds up on 
re-entry into the Earth’s atmosphere. 




dopper lop 

Copper conducts electricity well and is often used 
for electrical wiring. It’s also decorative and so Is 
used to make roofs for fancy buildings. It reacts 
slowly with air to form a protective layer of 
attractive green copper carbonate. 



Hard ahd soft 

Aluminium is the most 
common metal In the Earth’s 
surface. It’s tough but also 
vei 7 light. Thick aluminium 
makes sturdy frames for 
cars and trains. Thin 
sheets of it make 
crushable drinks cans. 




Bocfy lnela.15 
Many reactive metals are found 
in compounds inside living things. Calcium 
forms bones and teeth. Potassium makes 
muscles work. Sodium helps carry signals 
across nerve cells in the brain. 







Do-if -\jOoir^elf: ^reeir\ copper 

You ^ee for yourself kow copper furt^f ^reei^ m firwple exper\^er\i. 



uiorli^^ecl coir\ fo 

^reer\ ^f\er few kour^. Buf fke ofker coiio 
will wkile Io«o 0 er. 

Tke uior'm^ed coir> re^icf^ 
wlfk fke vir\e^ar ^olufioto fo forw a Uyer 

of ^reev\ copper aceiah. Tke rii^^ecl com read’s 
wlfk fllr fo forrw a Uyer of 0reei^ copper oxide 
(fkis rec^cfioi^ i^orrv^^^lly f^fes lor>0er). 



^fep I. Place fwo copper coii^^ 
m a Cup of rw\e(^ar wifk a 
liffle Sflif for a few wii^ufes 
ur\fll fkey are 



Sfep 2. Rit^^e oi^e of 
fke corns w^ifer. 
Leave boiL coii^^ ot^ a 
wii^dow^lll fo dry. 





HOW IS dHEMISTRY USEFUL? 



Alloy, alloy, alloy/ 

Different metals can be combined to make metal-based 
mixtures known as alloys. Alloys are useful because 
they combine properties of all the elements in them. 

The earliest man-made alloy was so useful that it 
spread around the world and gave its name to a whole 
period of history - the Bronze Age. Bronze is made by 
melting and mixing together copper and tin. It’s strong 
(like copper) and resists corrosion (like tin). 




Bronze is 
often used 
to moke 
statues. 



Inside bronze, atoms of copper and 
tin jumble together. Most bronze 
contains a lot more copper than tin. 



BV'diSS l^idhs 

Brass is an alloy of copper and 
zinc. It^s used to make all sorts 
of bits and pieces, such as nuts, 
bolts and tacks because 




SoHering on 

Solder is made of tin and silver or 
lead. It melts at low temperatures, 
and is useful for sealing metal joints 
and building electronic circuits. 




The Sedfet of steel 



The peffeil sv/ovd 



Some of the first steel-makers 




special alloya can abo be made by mixing metab with 
non metab. The mo3t famou3 ia ateel, an alloy of iron 
and carbon. A amall amount of carbon keeps the iron 
atoms in a rigid structure, making steel super tough. 

Steel is harder to make than bronze, because iron 
needs very high temperatures to melt. But it’s easier to 
find iron because there’s lots of it in the ground. Today 
steel is used to make things that need to be really 
strong, such as the frames of skyscrapers. Steel can abo 
be mixed with chromium to stop it from rusting. 

This ’stainless’ steel is used to make cutlery. 



were swordsmiths in japan. They 
melted and re-forged their blades 
many times over. This made 
the carbon and iron 
atoms spread out 
more evenly, 
making the blades 
extra tough. 






HOW IS CHSMlsrKY USSI^UL? 



Mela] reac?lioH5 

All metals shore some 
chemical properties as 
well as physical ones. These 
three reactions will produce 
the same kind of product 
with any metal. 

Any metal + oxygen 
— > a metal oxide 

Any metal + a stroi^ add 
— > a salt + hydrogen 

Any metal + superhot steam 
a metal oxide + hydrogen 








Carbon and hydrogen aren’t metals, 
but they often compete with metals 
to react with substances, such as 
oxygen. So, chemists usually Include 
them in the reactivity series. 



wresUing wiUi 

Some metab are more willing to react than others. All 
metab can be listed in order of their willingness to 
react - this is called the reactivity series. 

One way of picturing the series is to imagine all the 
metab are taking part in a wrestling competition. The 
metab that win the most fights are the most reactive. 

For example, when zinc chloride is mixed with 
magnesium, zinc and magnesium compete’ to form 
a bond with chlorine. Magnesium is more reactive 
than zinc, so it 'wins' the competition, and bonds with 
chlorine to form magnesium chloride. 

Here’s how some of the most useful metab stack up 
against each other in the reactivity series: 



Most reaclive 

Potassium (K) 

Sodium (Na) 

Calcium CCa) 

Magnesium (Mg) 
Aluminium (Al) 
Carbon fC) 

Zinc gn) 

Iron (Fe) 

Tin (Sn) 

Lead (Pb) 

Hydrogen (H) 

Copper (Cu) 

Silver (Ag) 

Gold (Au) 
Platinum (Pt) 

Leasl reaclive 
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HOW IS dHEMISTRY USEFUL? 



Using gases 

Hydrogen and helium are the two moat common 
elements in the Universe. They’re both colourless and 
odourless gases. 

If you’ve ever seen party balloons that float up to 
the ceiling, they were full of helium. Helium is less 
dense than air so a helium balloon will rise until it 
hits something. Outside, it will drift up until the air 
pressure gets so weak that the pressure of the helium 
pushing outwards inside the balloon makes it burst. 

Hydrogen is also less dense than air Some of the 
first airships’ were filled with a mixture of air and 
hydrogen, to make them rise. But, because hydrogen 
burns very easily, many accidents happened. Modern 
airships use helium instead, because it’s much safer 
even though it’s harder to get than hydrogen. 





PIY voicech^h^ev 

Step 1. Open the end of a 
helium balloon and carefully 
suck in a mouthful of gas. 



find that your 
voice sounds 
really squeaky. 



What^s going on? 

Because helium is lighter than 
air, it makes the vocal cords In 
your throat vibrate faster. This 
makes your voice sound high 
and squeaky. 




Oxygen is the third most common element in the 
Universe. Pure oxygen is one of the gases found in air 
People need to breathe it to survive. It’s also needed 
for things to combust, or burn. 

Oxygen is very reactive and forms many 
compounds called oxides. The most common of these 
is water Another is hydrogen peroxide (H2O2). a pale 
blue liquid also known as bleach. It has lots of uses 
- killing bacteria, making hair dyes, and even as a 
fuel for prototype space rockets. 



Buriiihg f^-ueslioh 

For a long time, even the cleverest 
scientists weren’t sure what made 
things burn. 

In the 1 770s, three chemists - 
Frenchman Antoine Lavoisier, 
Englishman joseph Priestley and 
German Carl Scheele, all found the 
answer Independently... 



HOW IS OHSMISTRY i/S^FuL? 




Wo flies 

oil phoSphoVMS 

The compound phosphorus 
trihydride is a poisonous gas. 
It^s used to kill pests which 
eat grain. Farmers only use 
a mild form of it, so the 
grain isn’t poisoned as well. 



Ferlili^ers 

Nitrogen and 
phosphorus are both 
major ingredients in 
fertilizers. They help 
farmers to grow 
more plants in 
places with poor soil. 



Explosive 



Wjial atoul lion Inelal^? 



There aren t very many non metab, but they re found 
in 5ome of the moat uaeful aubatances on Earth. 



TNT is a well-known explosive. 
It’s named after the nitrogen 
compound it contains: tri- 
nitro-toluene. Chemist Joseph 
Wilbrand invented TNT as a 
yellow dye in 1 863. Its explosive 
properties weren’t discovered 
until decades later. 



Using the Jia.]ogens 

The halogena are very reactive non metala. Some of them are 
quite dangeroua, but chemiata have atill found uaea for them. 




Boring tfomihe 

In the past, doctors used bromine 
compounds, called bromides, to help 
people to sleep. For many years, 
the word ‘bromide’ just meant 
anything really boring. 



ChoKing on chlorine 

Chlorine is used in carefully controlled 
amounts to disinfect swimming pools 
and drinking water. 



Pure chlorine gas is so poisonous, it was used 
as a weapon in the First World War. Soldiers had to 
protect themselves from it by wearing gas masks. 



Medid'dil iodine 

When solid iodine is dissolved in 
alcohol, it’s a strong antiseptic 
which can be used to treat wounds. 




Lithium iodide is used in the 
batteries of pacemakers. These 
are tiny machines that help 
steady a person’s 
heartbeat. 



HOW IS CHEMISTRY USEFUL? 






31 slinlii 

Chemi5try labs can be full of strange and terrible 
smells. One of the smelliest chemicals is sulphur 
but it's not the only culprit... 




WARNING 



Newp sniff op inhale any 
stpange chemicals. They 
might make you vepy sick. 




Smelly food 




Sulphur is found in rotten 
eggs, which have a really 
unpleasant smell. It^s 
also what gives garlic 
its strong taste, 
in a compound 
called allicin. 




Smelling sails 




Pea<i smelly 



Some nitrogen compounds have very strong 
smells, with names that match! Putrescine 
and cadaverine are the compounds that 
make rotting (or ‘putrescent’) things and 
dead bodies (or ‘cadavers’) smell awful. 



When a person faints, one way to revive them can 
be to release a strong smell. Smelling salts react 
with air to release a tiny amount of ammonia gas, 
which can sometimes do the trick. 




Skunks spray a horrible smell that 
sends any attackers running. It’s full 
of sulphur compounds called thiols. 
The smell is so strong it can 
spread for over a mile. 

The spray can even cause 
temporary blindness if 
aimed at the eyes. 




B-ulyric; adi«f 

One common smell is very 
hard to forget. Butyric acid 
wafts up from parmesan 
cheese, rancid butter, vomit and 
even from people who don’t wash. 



FuMe 




Some chemical reactions create 
very smelly and even dangerous 
gases. Chemists do 
these reactions Inside 
a fume cupboard. A 
fan In the top of the 
cupboard whisks the 
gases safely away. 




HOW IS CHEMISTRY USEFUL? 




dhelnicja.] durio^ilie^ 



Every day, clever chemiata around the world are 
unlocking the chemistry of substances and finding out 
how things work. All sorts of things happen because 
of chemistry - some that you might never have 
thought of.. 



' cjJiociolale? 

Chocolate contains two delightful 



compounds - tryptophan and 
theobromine - which react with the body 
to produce hormones that make people 
feel happy and relaxed. 




Fl^voMrih^s 

Cinnamaldehyde is the chemical that gives 
natural cinnamon its flavour. The same 
chemical can be made In labs and factories, 
and used as an artifical flavouring. 



pre;?erving spedimelis 

Formaldehyde Is a strong-smelling liquid 
used to preserve animal specimens and 
human organs. It soaks into them and stops 
them from decaying. 



PeleciliVe worp 

It’s not always easy to tell dried blood 
from dried ketchup or other red 
substances. Detectives 
spray a compound called 
luminol onto suspicious 
red stains. If there’s 
any blood, the 
luminol will 
glow blue. 




L’di'Wh loVeVS 



Hexenal Is the substance that gives 
freshly cut grass its particular smell. 
Some insects also produce it as a scent 
to attract their mates. 





JisvUers 



In the 1 9th century, mercury 
was used to make hats 
shiny. But inhaling the 
fumes made some hat- 
makers rant, rave and 
shake. This is where the 
phrase as mad as a 
hatter’ comes from. 




I 



HOW IS CHEMISTRY USEFUL? 



How lo lell v\^h^Vs w]i3^l 



Identifying different elements and compounds can be a 
tricky business. Big labs often have an incredibly useful 
machine called a mass spectrometer to do that. 

Whal happens inside a Mass SpecJlroMelef? 



1 . Inside the machine, 2. The ions are exposed 3. This makes them fly 



a dissolved sample Is to electricity and a 

boiled Into a gas and powerful magnet, 

then turned into ions. 




Finally, a computer produces a graph 
showing the amounts and masses of the 
different ions in the sample. 



through a chamber at 
different speeds and 
angles, depending on their 
mass and electric charge. . 




wa]h-in testing 

Some airports have giant 
pods that passengers step 
into. A mass spectrometer Is 
attached to the pod. 

The pod quickly sucks in 
particles on the passengers’ 
clothes and the mass 
spectrometer checks these 
particles for any traces of 
Illegal drugs or explosives. 



A 




Midro-invesligalion^ 



One way to find out about a aubstance ia to get a really good 
look at it. Here are two methodi that can help chemiata do thia... 



-Y-lra spedia] 




The way X-rays shine through or bounce 
off the surface of crystals gives clues 
about how the molecules hold together. 

Rosalind Franklin used a technique 
called X-ray crystallography 
on crystals of DNA. Her 
work was vital to 
understanding its 
structure. 



Franklin’s X-ray Image 




Copper oxide crystals seen by SEM 



Highly JnidVosdopeS 

A scanning electron microscope (SEM) can see 
tiny details that a normal microscope cannot. 

It fires a stream of electrons at the surface of 
a substance, and records where other electrons 
are knocked off It. The machine uses this data 
to create a computer Image of the surface. 




HOW IS dH:EMISTRY USEFUL? 




l 5 Uiel^e 21 simple wa.y \o find 
om\ w]i2^l a. sut^laiide is? 



Sot^ler sla^e ojie 

Firit, you need to make aure you’ve got a pure element or compound, 
and not a mixture. You could try a few reparation techniquea (aee pages 20-23). 
Here are some of the questions you can ask and tests you can do to help you 
identify a substance. It's not always possible to get a precise answer 



In a high-tech lab, professional chemists would use a 
mass spectrometer to identify a mysterious substance. 
But you don’t always need big machines to identify 
substances. There are simple tests that you can try out in 
a school lab. This two-stage chemical sorter will help you 
to work out what kind of substance a mystery solid is. 



What colour does it burn? 

Metals are easy to identify. Burn the 
substance and see what colour flame it makes. 
Each metal makes a different 
colour (see page 55). 






If it’s a yellow powder, I 

it’s sulphur. 


If it’s a purplish black lump. 




it’s iodine. 


If it’s a reddish yellow lump, 
it’s phosphorus. 



Go to Sorter st^e two. 



It doesn’t contain any 
carbon, so it’s called an 

inorganic compound.* 




How IS dHSMlSTRY VSHFuL? 



Sorler stage Wo 













* These are only initial 
tests, they won’t tell you 
everythir^ there is to know 
about a sample. To uncover 
the trickier mysteries, 
you’ll need to study a lot 
more chemistry! 



dali I icfelilify doJouTjeSS gaseS? 

When chemists do reactions, they usually have an idea of what products 
will form. Many reactions produce oxygen or hydrogen as by-products. So, to check 
a reaction has worked, chemists can test for these gases. 

Here are two tests you can try in a school lab: 




For both tests: 

1 . Collect the gas in a test 
tube. Put a stopper on it. 

2. Light a piece 
called a splint. 



To test for hydrogen: 

Place the lit splint into the test tube. 
If it’s hydrogen, the splint will go pop 
and the flame will go out. 

To test for oxygen: 

Blow out the flame, then stick the 
smouldering splint into the test tube. 
If it’s oxygen, the splint will re-light. 



pari 5: 

Our dJiemida.1 Universe 




The Dnivene and all the 5tar5 and planeta in it - including our 
own planet, the Earth - were formed by chemical proce55e5 
billiona of years ago. Ever since then, chemistry has been making 
changes all day, every day, to the land, sea and sky. 
Chemistry is also involved in the life and death of all living 
things, including human beings. Read on to find out how elements 
are formed, what rocks and air are made of and what chemicals 
your body needs to survive. 



OUR dHSMIdAL UNIVERSE 



where did Ihe elements dome from? 



Mo5t 5ci6nti5t5 think that the Univerae exploded into exi5tence about 14 2 billion 
yeara ago. At firat, there waa only one element - hydrogen. There were billiona 
and billiona and billiona of hydrogen atoma, all aquaahed up into baby atara. 





AT THE PAWN OF TIME, ATOMS 
OF HYPROSEN FLOATEP 
AROUNP IN A HUPPLE. 



AS TIME WENT BY, SRAVITY ANP PRESSURE 
RULLEP THEM CLOSER TOSETHER, ANP THEY 
SOT HOTTER ANP HOTTER UNTIL... 




W >)0 




78 




OUR dHSMldAL UN’IVERSS 





AS NEW, HEAVIER ELEMENTS 
ARE MAVE, THE STAR 
BECOMES DENSER... 



INSIDE A REAUy BIS, HOT, 
DENSE STAR, EVEN HEAVIER 
ELEMENTS CAN BE MADE... 



...AND MUCH, MUCH HOTTER. 



...AND MORE HEAT, 
LISHT AND RADIATION 
ARE SIVEN OUT. 




EVENTUALLY, THE STAR BECOMES SO 
SMALL AND HOT THAT IT EXPLODES - THIS 
EXPLOSION IS CALLED A SUPERNOVA. 



GRADUALLY SOME OF THESE 
ATOMS CLUSTER TOGETHER INSIDE 
NEW STARS, WHICH IN TURN FORM 
MASSIVE GALAXIES 




SOME STARS HAVE A SOLAR SYSTEM 
OF PLANETS. THE PLANETS ARE MADE 
OUT OF A MIXTURE OF ELEMENTS 
FROM LONG DEAD STARS. 



THE SUN IN OUR SOLAR SYSTEM 
IS A ONLY A MEDIUM-SIZED STAR. 



...INSIDE IT, HYDROGEN IS TURNED INTO HELIUM. BUT 
IT'S NOT HOT ENOUGH TO MAKE HEAVIER ELEMENTS. 





OUR CH^MIdAL universe 



are dheJnid'dils loo 

The surface of the Earth is made of rock - both on land and under 
the sea. Rocks might look like lumps that never do anything. But, like 
everything else, they’re actually taking part in chemical reactions. 



da.Ve cheMislry 

Inside limestone caves, extraordinary 
natural sculptures are built vet 7 slowly. 

Step 1 . When It rains, water trickles Into 
the cave, dissolving tiny bits of limestone. 



Step 2. The water drips 
down from the roof 
and lands on the 
floor of the cave. 

Step 3. The water 
evaporates and 
leaves little bits of 
limestone behind. 

Over thousands of 
years, these tiny 
deposits build up to 
create rock formations. 




rife frorv» fke CAve floor; 
fTrtUcfifef dou/ia frorw fke ceil'm^. 



Breaking Mo-anlaiii;? 

Most mountains have tiny cracks 
in their rock faces. Rainwater 
flows Into these cracks, and 
often freezes Into ice. Ice 
takes up more space than 
water, forcing the crack 
to widen. 




After many thousands 
of years of rain and 
ice, the crack gets 
so wide that part of 
the mountain simply 
falls off. 




Inhere are three main iypeS of roc^R... 



1. I^lieoMS 

The Inside of the Earth 
contains molten (melted) rock, 
called m^ma. This gradually 
cools to form igneous rocks, 
such as granite or pumice. 



2. SecfimeHlary 

Sedimentary rocks are formed 
when tiny bits of rocks, 
bones and shells get squashed 
together, often underwater, 
making one gigantic new rock, 
such as chalk or sandstone. 



3. Melamorphic? 

Metamorphic rocks form 
when other rocks are heated 
and squashed underground. A 
chemical reaction creates a 
new type of hard, shiny rock, 
such as marble or slate. 






Mt. Rushmore, USA is made of 
granite, an igneous rock. 



The white horse of Kilburn, UK, is carved from 
sandstone and covered In a layer of chalk. 



A Roman tomb sculpted out 
of metamorphic marble. 



OUR dHSMlclAL uNivKRS:^ 



The Yocji cycle 

The rocki on Earth are all conatantly changing, very, 
very alowly. So if you could travel far into the future, 
you’d 3ee quite a different landacape. Mountains would 
have moved and changed shape, and rocks of one kind 
would have changed into another 

Wind and rain erode (wear away) surface rocks, 
grinding large rocks into tiny pieces of sediment. 

Over millions of years, this sediment builds up and 
gets squashed, creating new sedimentary rocks. Deep 
underground, intense pressures and high temperatures 
convert igneous and sedimentary rocks into new 
metamorphic types. Eventually, these rocks can get 
squished down into the Earth's superhot interior where 
they melt back into magma. This is called the rock cycle. 



Moving ^a.rlh 

Deep underground it’s hot 
enough to melt rocks into a 
liquid. This molten rock sits 
in a layer called the mantle, 
below the Earth’s surface. 

On top of the mantle, the 
surface - or crust - Is divided 
Into sections called plates. 
These plates are constantly 
moving - but normally very, 
very slowly. 




The rock cycle Is happening around us all the time. But 
each stage of the cycle takes thousands of years. 



I 

Sedimentary rock 




Wind and rain erode 
all kinds of rock. 



Lava cools to 
nake igneous i 



Sediment settles and is 
squashed into layers to 
make sedimentary 
rock. 



M Heat and 
^ pressure change 
all kinds of rocks 
into metamorphic 
^ rock. ^ 



Some magma 
IGNEOUS ROCK erupts through 

volcanoes as lava 



Some magma slowly 
crystallizes into . 
igneous rock. / 



Metamorphic rock 
Igneous rock 
Magma 



Little bits of eroded 
rock, or sediment, are 
i deposited in the sea 




OuR CHEMICAL UNIVERSE 



P ' Lighlftin^ gas 

When a bolt of lightning strikes, 
it leaves behind a strange smell. 
This is the smell of ozone gas. At 
ground level too much ozone Is 
an air pollutant and can cause 
breathing problems. 



up Ihet'e? 

The atmosphere is made up of 
four main layers... 

Thermosphere - this is 
full of ions that block some 
harmful rays from the Sun. 

Mesosphere - it’s ver^ 
cold here. 

The ozone layer is in the 
upper stratosphere. 



Stratosphere 

- this is where planes fly. 



Troposphere - this Is 
where weather happens. 




WhaV;? up in Ihe 

The Earth cornea equipped with ita own air protection 
ayatem - called the atmoaphere. The atmoaphere 
ia a mixture of gaaea that blanketa the Earth and it'a 
reaponaible for the weather and the air you breathe. 



High up in the Earth'a atmoaphere, a layer of gaa called 
ozone (O3) protecta the Earth from aome harmful raya 
from the Sun. Below thia layer gaaea auch aa carbon 
dioxide keep the Earth warm by trapping heat. 

Since the invention of power atationa, factoriea and 
cara, people have been releaaing a lot of harmful gaaea 
into the atmoaphere. Theae pollute the air making it 
harder to breathe. Some create acid rain, which poiaona 
planta and corrodea buildinga. And aome of theae gaaea 
react with ozone, making holea in the ozone layer 

The ^feelihouse effedl 

Carbon dioxide ia aometimea deacribed aa a greenhouae 
gaa, because it acta like an inaulating blanket around 
the planet, atopping heat from eacaping. Without any 
greenhouae gaaea, the Earth would be too cold for 
people to aurvive. But many acientiata worry that we 
are pumping too much carbon dioxide into the air and 
over-heating the Earth. Thia proceaa ia known aa the 
greenhouae effect. 

Foaail fuela, auch aa oil and coal, contain many 
carbon compounda. Aa theae are burned, they react 
with oxygen to produce lota of carbon dioxide. Other 
greenhouae gaaea include methane and the gaaea in 
aeroaol apraya. Scientiata are working to find ways to 
generate energy without releaaing harmful gaaea. 
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OUR CHEMICAL UNIVERSE 



Livijif chemistry 





Plant5 and animab are brimming with chemical 
5ecret5. Some of them are deadly poiiona, but 
many othen are aourcei of wonderful medicinea. 



Frog of cfooM 

Poison-dart frogs from South 
America excrete a poison called batrachotoxin 
through their skin. The poison causes heart 
failure in small animals that attack the frog. 
Some rainforest peoples extract the poison 
to use on the tips of their 
hunting darts. 



Fish of cfooin 

Pufferfish have a deadly 
poison called tetrodotoxin 
in their skin, spikes and 
organs. This kills any 
predator that tries to 
bite or squash them. 



K puffer fish shows its 
deodh spikes. 



U'diWV’dJl medicihes 



Dealh \o Socralesi 




In Ancient Greece, the philosopher 
Socrates was sentenced to death 
for teaching dangerous ideas. 

He was poisoned with the plant 
hemlock, which contains a deadly 
chemical called coniine. 



In the paat, people all over the world have turned to 
plants to help fight pain or cure diseases. Nowadays, 
chemists can identify the active ingredients of many 
plants and copy them in labs to make medicines. 



Nearly 2,500 years ago, the 
Sumerians used mint leaves to 
cure stomach aches. The leaves 
contain a compound called menthol, 
which has soothing properties. 





The Romans used 
feverfew plants to treat 
headaches. The active Ingredient is 
a compound called parthenolide, 
which eases aches and swelling. 



The Qincocha Indians chewed the 
bark from willow trees to cure 
fever. It contains acetylsallcylic acid, 
which Is now used to make aspirin. 

It blocks pain and reduces fevers. 




OUR dHSMIdAL UNIVERSE 




Thi 5 form of iron i5 the reaaon your blood ia red. Some 
5ea creaturea, 5uch as hor^eahoe crab5, have another 
compound called hemocyanin - ith made of copper 
instead of iron, which makea their blood blue. 



Yom sife yoM eal 

Moat food containa carbon, hydrogen and oxygen, 
which your body uaea for energy. 

You alao need to eat tiny amounta of aome metala 
and other elementa. Your body uaea theae for thinga like 
growing, repairing damage and fighting diaeaae. 



A horseshoe crab 



leaves are 
fmll of p^^o^p^^orul^, 
s^rer\<jil\er\s il^e 



&{^e ckeese l\as lois 
fodi^»Y\, for a \r\eal\lrw 
lora\v\ arsi vserves- 



lii^^ Iroi^ 



f beef cov\{a\r\s ^o^ass^^ 
ar\d fl\OSfl\oro^s, (or Ueal^k^ 
\nerves ar\d loov^es- > 



r ^l^ellfisl^ cov\ia\r\ > 
seler\\\Am, kelp^ fo 

coi^lrol cl\erv\\cal s^^r\als 
V '^r\ il^e bodt). y 



Bloocf \es\ 

Blue blood extracted from 
horseshoe crabs reacts with 
bacteria. Doctors can use it to 
test that new medicines are 
bacteria-free. 



How does yo-ar fcocfy worh? 

Your body dependa on chemiatry to keep it going. It 
uaea thouaanda of compounda to atay alive and well. 

People and moat other animala have an iron-baaed 
compound called hemoglobin in their blood. It helpa 
tranaport oxygen from the lunga to the reat of the body. 



OUR CH^MIdAL UNIV^RS^ 




A lifeliMe of (ihelni^lry 

Some chemical reactiona happen inaide your body every 
minute of every day. Eut there are some important 
reactiona that only happen at certain atagea of life... 



Slarlihg ovl 

A new mother has 
lots of the hormone 
oxytocin in her 
system. It helps her 
bond with her baby. 



Virvs hiUeV 

When people catch a virus, such as 
chicken pox, the body activates 
a protein named interferon. 
Interferon generates chemicals 
called antibodies that fight off the 
virus. It also stops people getting ill 
from the same virus twice. 










Sleepih^ lale 

Melatonin is a hormone which tells 
your body to sleep. Usually the brain 
releases It in the evening. 

But many teenagers stay up late 
because their melatonin is released 
later at night. It keeps them in bed 
for longer in the morning, too. 



Tuniing grey 

Hair colour comes from a compound 
called melanin. As some people get older, their 
hair produces less melanin. Eventually, there’s no 
colour left and their hair turns white. 



Pesilh swell 

After a person dies, the 
bacteria in the body start 
to break it down. This 
produces gases underneath 
the skin that make the 
body bulge and turn green. 



LoVecf up 

Falling In love sends two 
hormones called dopamine and 
serotonin racing around the body 
and brain. They make people feel 
warm, cuddly emotions. 



pain alicf ple^iSUVe 

When a person does a lot of 
exercise, the brain releases 
hormones called endorphins. 
They pump around the body, 
blocking pain and making the 
person feel good. 



85 





' / / / 

\ 



, fl\8 






^ ‘^^^-f-rot^p 






’5'«''*'«fio„5.p 



COl^ 



/ 



VAiUf V / 



ilr^pliok^? 



pari 6: 

More Sitoul dJieMi^lry 




In thi 5 5ection you can find out more about how 
acience works, and how to do your own 
chemistry experiments. You can also find out 
about some of the most important advances in 
chemistry since people first rubbed sticks 
together to create fire. 
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MORS ABOUT OHSMISTRY 



Whal is sdehCe? 

Science comes from the Latin word, 
scientioj meaning ‘knowledge’. It is 
the study of how things work, and 
is often divided into three areas: 




How does dheTnislVy wofft? 

Chemiita (and all other kindi of 5dentist5 too) come 
up with ideai that explain something about the world. 
They ba5e tho5e idea5 on thing5 they’ve 3een, or that 
other chemiati have written about. 

Then they have to 5ee if their ideaa are right. To be a 
real 3cienti5t, it ian't enough to 5ay that what you think 
is true, or that you believe it, or that it's common sense. 
You have to prove it’s right (or at least, not wrong), by 
doing experiments that back it up. When an idea can 
be tested through experiments, it’s called a hypothesis 
(unlike the many ideas people have which can’t be 
tested scientifically). 

Top scientists write about their experiments in 
journals, so other scientists around the world can 
try them too. If other experts agree there is enough 
evidence, the hypothesis becomes a theory - that 
means, it’s the accepted, tested and most likely 
explanation of why something is the way it is. 




How do experiments worK? 

V 

I. 

vAikere yom expU'uo yomr idcfl «?. If o\so 

predicfioio^ of wk^f yom expecf fke re^mlf? office cxperl^eiof fo be. 

rvwrtvDd 

describe? bow yomVe 0o‘m0 fo do fbe experin^etof. If mclmde? « 

expenmeyt^^ u;bicb life 

)( bmf wifb Oloe key differetoce. Tb«f w«y, if fbe re^mlf^ v^^ry, 
if rnM^f be becflM^e of fUf o«oe fkiioy. 

3. Recife 

Tbe^e record fbe omfcowe of fbe experimeiof (iioclmdiioy fbe confroO. 

4. Cowdtifiow 

Tbi^ i? where yom iioferpref fbe re^mlf^. Did fbey ?mpporf fbe bypofbe^i^? 
\dave yom cb^inyed or rejecfed yoi^*^ bypofbe^i^ ^iffe*^ ^eeiioy fbe re^mlf^? 



I 

» 



MORS ABOUT OHSMISTRY 



Here’s an example of a simple scientific experiment... 






I. 

*AclcliiA0 fo Ice rw^^ke? if me(f fa^ier.' 



2. rOefUl 

PUce fuuo ice cutbe^ ii^ ^ep^r^^fe ^prlt^kle a iea^pooy\ of 

ov\ ice cutbe B, bt<f k>oioe oi^ ice cu«be A. Tiwe It\0\aj lot^^ fl^e ice 
cmbef fflke fo rv^elf. Do f^ey ^elf ai f(^e ^«rv»e ?peed, or doe^ 
rv<e(f ftfi^fer fke ofl^er? 



3. Re^Mlff 

Ice CM^e B » 



»e(f? f<i»^fer ice cuibe A (ff^e coi^frol). 



4. CO¥\C\%A^\0¥\ 

Tke om(y differeioce t?efvA^eer\ il\e ice cu»be^ fk^f OK>e exposed 
fo ?fl(f ^ti^d oi^e ^0 ice cu»be B rw<-«^f l^^ve r^effed f^^fer 

bec^toi^e of ft\e fldded ^<^(f. Tl>if re^utlf ^Mpporf^ fke kypofke^i^. 






However; there might be rea^on^ why thi5 experiment 
wouldn’t work. For example, ice cube B might be 
slightly warmer or smaller than the control, ice cube A. 
If it 5 already warmer or smaller thi5 ice cube might take 
le 55 time to melt. 16 really important to make sure that 
the 5alt \s the only difference between the ice cube5. 

Are 5cienli5l5 ever wrong? 

Yes, scientists get things wrong all the time. They may 
misinterpret experiments, get bad results, or not be 
able to test ideas until the right technology is invented. 

But what every good scientist wants most of all is to 
discover how things really work - even if that means 
admitting to mistakes along the way. So, if their ideas 
are proved wrong, they’re always prepared to change 
what they think, and move on. 



91 



‘The ohe who 

Seeks Ir-alh 

... svIsMils lo 
arguMehl a.hd 
deMohslralioji’ 

This was the philosophy of one 
of the first people to use fair, 
rigorous experiments. 

Ibn al-Haytham, an 1 1 th- 
centuf 7 scholar, based his 
theories about light and 
vision on his own observations, 
rather than what people 
usually assumed was true. 

He argued that scholars 
shouldn’t trust anyone’s ideas 
without carefully considering 
the evidence for themselves. 



1 



(Bhss^vy 



Word5 in italics have their own separate entries. 

add A substance that forms positive ions of 
hydrogen (H^) when dissolved m water 

activation energy The minimum amount of 
energy substances need to react together 

alkaK A base dissolved in water 

alloy A mixture formed from two or more metals, 
or from a metal and a non metal 

alpha particle A form of radiation made up of two 
protons and two neutrons. 

atom The smallest building block of an element 

atomic number The number of protons in the 
nucleus of an atom of a certain element 

base A substance that forms negative ions of 
hydroxide (OH') when dissolved in water 

boiling point The temperature at which a 
substance changes state from a liquid to a gas. 

bond A link between atoms or ions in a molecule 

by-product Another reaction product that is not 
the main or useful product. 

catalyst A chemical that speeds up the rate of 
reaction, but is not a reactant 

chemical equation A way of writing down the 
reactants, products and conditions of a reaction. 

chemical reaction The breaking and forming of 
bonds that changes reactants into products. 

chemical symbol One or two letters that stand for 
an element's name, for example He for helium. 

combustion The burning of a substance in air 

compound A substance made up of two or more 
different elements that have bonded together 

condensing When a gas changes into a liquid. 

conducting The carrying of heat or an electric 
charge. 

corrode To wear away or rust a metal 

covalent bond A bond that involves the sharing of 
electrons between atoms. 

crystal A regular repeating arrangement of atoms, 
molecules or ions inside a solid. 



decomposition reaction A reaction in which a 
compound breaks down into smaller parts. 

displacement reaction A reaction in which one 
element replaces another in a compound. 

dissolve To mix a substance into a liquid, forming a 
solution. 

distillation A purification process that isolates 
different substances due to their different boiling points. 

electrolysis A process where a liquid compound is 
split apart by passing an electric current through it. 

electron A tiny, negatively charged particle that orbits 
an atom’s nucleus. 

element The simplest type of substance, made up of 
only one sort of atom. 

endothermic reaction A reaction that takes in a lot 
of heat and gives out only a little. 

erode To wear away an object by the action of wind, 
rain or chemical reactions. 

evaporating When a liquid changes into a gas. 

exothermic reaction A reaction that takes in only a 
little heat and gives out a lot. 

freezing point The temperature at which a substance 
changes state from a liquid to a solid. 

greenhouse effect An increase in the average 
temperature on Earth, caused by a build up of gases in 
the atmosphere that don’t allow heat to escape. 

groups The columns of the Periodic Table numbered 
I-VIII. Elements in the same group often have very 
similar properties. 

indicator A substance that turns a specific colour 
when mixed with an acid or a base. 

inhibitor A substance that decreases the rate of 
reaction. 

ion An atom that has either lost or gained some 
electrons. Ions have a positive or negative electrical 
charge. 

ionic bond A bond formed by the giving or receiving 
of electrons between atoms. 

inorganic A term used to describe a compound that 
doesn’t contain any carbon. 
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lattice A regular interlocking network of atoms, 
molecules or ions in5ide a 5olid. 

Law of Conservation of Mass A law 5tating that 
matter can’t be created or deatroyed, it can only 
change form. 

mass number The total number of protons and 
neutrons in the nucleus of an atom of a certain 
element 

melting point The temperature at which a 
substance changes state from a aolid to a liquid. 

metal An element that conducb electricity and 
heat. 

metalloid An element that shares properties w\th 
both metals and non metals. 

mixture A collection of elements and/or 
compounds that have not bonded together 

molecule Two or more atoms bonded together 
Theae atoms can be of one or more elements. 

neutral A substance that i5 neither an acid nor a 
base, OR particles that have neither a positive nor a 
negative electrical charge. 

neutralization reaction A reaction between an 
acid and a base that forms a neutral salt. 

neutron A small, neutral particle found in the 
nucleus of an atom. 

non metal An element that has no metal-like 
properties. 

nucleus The centre of an atom, made up of protons 
and neutrons. The plural of nucleus is nuclei. 

organic A term used to describe a compound that 
contains carbon. 

oxidation When a reactant\oses electrons. 

Periodic Table A list of all known elements in 
order of increasing atomic number. 

periods The rows of the Periodic Table. Going 
across the periods from left to right, atoms have 
more protons, neutrons and electrons. 

pH A measure of how strong an acid or base is. A 
strong acid has a pH of 1 and a strong base has a pH 
of 14. A neutral substance has a pH of 7. 



pressure The strength of atoms or molecules 
squashing against something. 

product A substance formed by a chemical 
reaction. 

properties The ways in which a substance behaves 
(physical properties) or reacts (chemical properties). 

proton A small, positively charged particle found in 
the nucleus of an atom. 

radiation Particles, light or heat rays given off by a 
substance. Not all radiation is harmful. 

radioactive A term used to describe an unstable 
substance that emits harmful radiation as it breaks 
down. 

rate of reaction The speed at which reactants 
turn into products. 

reactant A substance that takes part in a chemical 
reaction. 

reaction See chemical reaction. 

redox reaction A reaction involving the oxidation 
of one reactant and the reduction of another. 

reduction When a reactant ga\r)S electrons. 

reversible reaction A reaction that can be 
reversed so the products change back into the 
reactants, usually by altering the temperature or 
pressure. 

shell The path an electron takes as it moves around 
the nucleus of an atom’ 

solute A substance which is dissolved in a solvent 

solution A mixture of substances in a liquid. 

solvent A liquid which dissolves another substance 
OR the liquid part of a solution. 

state The form a substance takes - solid, liquid 
or gas. 

steam Hot, gaseous water 

substances The different types of stuff the Universe 
is made of Any solid, liquid or gas is a substance. 

temperature A measure of how hot something is. 
usually given in °C (degrees Celsius). 

water vapour Gaseous water at any temperature. 
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